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ABSTRACT OF THESIS 
 
 
AGE OF THE WALDEN CREEK GROUP, WESTERN BLUE RIDGE PROVINCE: 
RESOLVING A DECADES-OLD CONTROVERSY VIA DETRITAL MINERAL 
GEOCHRONOLOGY AND SEDIMENTARY PROVENANCE ANALYSIS 
 
 Originally mapped as Precambrian and uppermost Ocoee Supergroup (OS), recent 
discoveries of Paleozoic microfossils have placed the Walden Creek Group (WCG), eastern 
Tennessee, into a younger depositional framework (Silurian or younger). In this study, monazite 
geochronology using SIMs, detrital zircon U-Pb geochronology determined by LA-ICP-MS, 
feldspar compositions determined by microprobe, zircon-tourmaline-rutile (ZTR) indices, and 
framework mineral modes were used to characterize provenance of sandstones of the WCG. 
Monazite ages cluster at 450 and 1050 Ma. All Ordovician ages are from grains that, in BSE 
images, have inclusion-rich microtextures interpreted as diagenetic and/or metamorphic, 
thus requiring that the WCG was deposited prior to Taconic metamorphism. The WCG heavy 
mineral suite is similar to the OS in its low modal abundance of monazite, but contains a slightly 
higher ZTR index. WCG Feldspar compositions are sodium poor-Kfs and sodic plagioclase, like 
the OS. Detrital zircon U-Pb ages for three formations of the WCG (seven samples total, n = 620) 
match the Ocoee signature. The dominant age modes are at ca. 1000 and 1150 Ma, with smaller 
modes at 1450 and 650 Ma. The monazite ages and supporting observations prove the WCG is 
not Paleozoic and its source rock signature matches the underlying OS. 
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Chapter 1: Introduction 
   
Determination of depositional ages for Precambrian sediments is challenged by the lack 
of a paleontological record. Poorly exposed field relationships further obfuscate relative dating 
attempts. In such cases, geochronology of detrital mineral grains can be used to determine 
maximum depositional age; the youngest identified detrital grain is, by the principle of inclusion, 
the oldest possible depositional age. Detrital mineral studies such as sedimentary petrography and 
heavy mineral analysis also provide constraints on sedimentary provenance and aid in 
reconstructing paleo-depositional environments. 
The Walden Creek Group (WCG) in the western Blue Ridge province of Tennessee and 
Georgia is a clastic sedimentary sequence whose age designation has been called into question. It 
was originally assigned to the Precambrian Ocoee Supergroup by King et al. (1958; also see 
King, 1964), but more recent reports of Ordovician to Silurian microfossil assemblages and 
conodonts in carbonate-bearing layers of the Wilhite Formation of the upper WCG (Unrug et al., 
1990, 2000; Repetski et al., 2006) contradict the original age interpretation. This makes the WCG 
a candidate for a detrital provenance study, aiming to both constrain the maximum depositional 
age and also match its provenance to overlying, underlying, or laterally correlated formations. 
The U-Pb geochronologic analysis of detrital zircon and monazite in the siltstones, sandstones, 
and conglomerates of the WCG allows for a dual mineral provenance study. Detrital monazite 
geochronology reveals metamorphic events while zircon analysis provides a better record of 
magmatic events in potential sources terranes (Hietpas et al., 2010, 2011). Detrital framework 
grain abundances (Dickinson, 1985), feldspar texture and composition, and heavy mineral modes 
of WCG sandstones can also be compared to existing datasets for Ocoee strata from the Western 
Blue Ridge (Chakraborty et al., 2012). The purpose of this thesis is to test whether the WCG is 
Neoproterozoic or lower-middle Paleozoic in age, and to determine the extent to which Grenville-
aged Blue Ridge basement rocks are the source of WCG sediments. 
 
Geologic Setting  
The Ocoee supergroup (Fig. 1.1)  covers a 24,000 km2 area in the Blue Ridge Mountains 
region of eastern Tennessee, western North Carolina, and northern Georgia, including the Great 
Smoky Mountains region (King et al., 1958) (Fig. 1.2). It is an approximately 10,000 m thick 
sequence of dominantly clastic metasediments that were metamorphosed from sub-chlorite to 




























































Figure 1.2. Location and geology of the area of interest (after Clemens and Moecher, 2009). 
Other abbreviations: EBR – Eastern Blue Ridge WBR – Western Blue Ridge CBR – Central Blue 
Ridge GSF – Great Smoky Fault. The Walden Creek Group defines a NE-SW trending belt 










Ocoee Supergroup consists of, from oldest to youngest, the Snowbird Group, the Great Smoky 
Group, and the subject of this study, the Walden Creek Group.  
The Snowbird Group consists (in ascending order) of the Wading Branch (siltstone to 
conglomerate), Longarm (feldspathic quartz arenite), Roaring Fork (siltstone to sandstone), and 
Pigeon Formations (siltstone). The Snowbird was deposited unconformably on Grenville 
basement (King et al., 1958; Hadley and Goldsmith, 1963). The next oldest group, the Great 
Smoky Group, underlies the Walden Creek Group (Hadley and Goldsmith, 1963; Neuman and 
Nelson, 1965). Its lowest unit in the Great Smoky Mountains National Park (GSMNP) area is the 
Elkmont Formation, a dark gray fine- to medium-grained feldspathic sandstone. The Elkmont 
Fm. is overlain by the medium to very coarse-grained Thunderhead Formation, which is 
interlayered with conglomerates containing leucogranite and gneissic clasts. Interbedded with the 
Thunderhead Fm. is the Anakeesta Formation, which consists of dark, argillaceous siltstones 
(King et al., 1958). To the southwest of GSMNP, the Great Smoky Group also includes the 
Copperhill Formation, Ammons Formation, and Dean Formation (Wiener and Merschat, 1992; 
Carter et al., 1995; Tull, 2007). 
All members of the Walden Creek Group (WCG in the study area are of subgreenschist 
to greenschist facies (biotite grade). The WCG consists of (in ascending order) the Licklog 
Formation, a 100 meter thick siltstone and shale formation with interbedded sandstone and quartz 
pebble conglomerate; the Shields Formation, a 750 m thick formation of white pebble  
conglomerate with lenses of course sandstone; the Wilhite Formation, a 1000 m thick formation 
dominated by not only sandy siltstones and conglomerates but also the only carbonates in the 
Ocoee Supergroup; and lastly the Sandsuck Formation, a 1200 m thick formation of shale that 
intertongues with sandstone and conglomerate  (King et al., 1958; King, 1964, Neuman and 
Nelson, 1965). The limestone beds in the Wilhite Fm. are restricted to thicknesses of 0.1 to one 
meter or are present as olistostromes that are 0.1 to one km in width or length. The Wilhite Fm. is 
also the only fossil-bearing formation in the Ocoee (Unrug et al., 1990, 2000; Repetski et al., 
2006).  
The Chilhowee Group (paleontologically confirmed to be lower Cambrian in age: Walker 
and Driese, 1991) caps the continental rift sequence of the Ocoee and indicates final attainment of 
the rift-to-drift continental margin setting (Fig. 1.3).Faulting and folding have obscured lateral 
continuity and correlation of the Walden Creek Group with other Ocoee units in the region 
(Neuman and Nelson, 1965). The Miller Cove Fault system defines the northwestern limit of 
WCG exposure, and the southeastern boundary 









follows the Rabbit Creek Fault, which merges with the Great Smoky Fault to the north (King et 
al. 1958; Hadley and Goldsmith, 1966; King, 1964; Neuman and Nelson, 1965). The WCG dies 
out to the north in a structurally complex area near the Tennessee, North Carolina, and Virginia 
border. To the southwest, the WCG exposure is truncated by the Cartersville Fault in 
northwestern Georgia. While the Nantahala Formation of northeast Georgia is stratigraphically 
equivalent to the WCG, with respect to its location structurally above the Great Smoky Group 
(Carter et al., 1995; Hatcher et al., 2005), it is lithologically distinct from the WCG, suggesting 
the WCG was deposited above it (Tull, 2007). 
 
Assumptions of Unrug et al. (2000) Model 
Much of the dispute surrounding the age of the WCG arises from the lack of conformable 
contacts among relevant units in the immediate vicinity of Great Smoky Mountains National 
Park, as demonstrated by the various reports from the P.B. King Survey. While Unrug et al. 
(2000) acknowledge the more recent work that demonstrated through detailed mapping that parts 
of what was originally mapped as the Greenbrier Fault at the base of the WCG are actually 
conformable contacts between the Shields and the Great Smokey Group (Carter, 1994; Geddes, 
1995), they cite a lack of "field-based stratigraphic correlation" of Sandsuck units across the 
Miller Cove fault as the key disputable element of the King model for WCG deposition. 
Conformable contacts between the Chilhowee and underlying WCG have, however, been 
reported (Carter, 1994). Detailed mapping southwest of the Park and the Little Tennessee River 
shows a complete WCG stratigraphic section, conformable at its top and base. While broken up 
by the post-depositional Miller Cove and Maggie Mill faults, the WCG conformably overlies the 
Great Smoky Group and is conformably overlain by Lower Cambrian Chilhowee Group (Carter, 
1994). Such refinement of the inferences of the King survey is to be expected, since the latter was 
a regional-scale survey that did not map at the detail or include the critical areas for resolving the 
stratigraphy that were mapped by Carter (1994) and Geddes (1995). 
Carter (1994) also determined that the majority of carbonates in the WCG are in the 
lower Sandsuck, which is different than the interpretation of the assignment of the carbonates to 
the Wilhite by Unrug et al. (2000), based on their sampling locations. This agrees with the King 
model of carbonate emplacement, since the Wilhite is time correlative with the Murphy Marble 
belt. By the time of Sandsuck deposition, Murphy Marble carbonates would provide a source of 
late WCG olistoliths. 
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Detailed mapping has also revealed structural relationships in the Ocoee Supergroup 
rocks that agree with the King model. If the WCG were Paleozoic, the youngest Appalachian 
event that could have metamorphosed the WCG would be Neo-Acadian to Alleghanian in age 
(late Devonian/Early Mississippian through Permian). Detailed mapping has also shown, 
however, that there are folding events which have been inferred to have occurred prior to peak 
Taconic metamorphism. Unrug et al. (2000) also call for an update of the stratigraphic 
relationships within the WCG in light of the then-recent geochronology. However, the magmatic 
and metamorphic K-Ar and 40Ar-39Ar geochronology datasets they cited (Kish, 1991b; Connelly 
and Dallmeyer, 1993; Cawood et al., 1994) have been superceded by U-Pb zircon and monazite 
analysis of Blue Ridge and Appalachian margin samples (Moecher et al., 2004; Corrie and Kohn, 
2007; Moecher et al., 2011) that demonstrate regional metamorphism in the Great Smoky 
























Chapter 2: Methods 
  
The primary methods used in this study include thin section petrography, which aided in 
the classification of sandstone, detrital tourmaline and feldspar mineral chemistry, heavy mineral 
mode analysis, detrital zircon geochronology, and detrital monazite geochronology. Details of 
each method are described in the following sections. 
 
Sandstone Petrography 
 Thin sections were prepared for sandstone classification and determination of framework 
modes (Quartz – Feldspar – Lithics) following the methodology of Dickinson (1985) for 
comparison with the findings of Chakraborty et al. (2012) on the Snowbird and Great Smoky 
Groups. Sandstone petrography is useful for characterizing basin fill sandstones and ultimately 
determining the origin of terrigenous deposits during their tectonic history (Dickinson and 
Suczek,1979; Ingersoll,1983; Dickinson, 1985). Paleogeographic, transport, and climate relations 
can also be ascertained from sandstone compositions. For the purposes of this study, Quartz-
Feldspar-Lithics (Q-F-L) ternary diagrams were used to classify the samples relative to 
depositional setting as defined by Dickinson (1985). Textures and microstructures of the major 
phases (quartz, alkali feldspar, and plagioclase), lithic fragments, accessory detrital minerals such 
as biotite, muscovite, hornblende, oxides, and diagenetic carbonate were documented. Point 
counting was used to determine the modal compositions of mineral assemblages. Approximately 
500 points were counted in each thin section. For thin sections dominated by siltstone or 
conglomerates, the standard point counting grid was decreased or increased to account for the 
average size of grains in thin section. As an example, a point counting grid of 1 x 1mm was used 
for a sandstone thin section containing grains with diameters of the order of 200 to 500 microns. 
 
Mineral Chemistry 
 Detrital tourmaline from the samples with the highest tourmaline abundances were 
analyzed on the CAMECA SX-50 electron probe microanalyzer at the University of Kentucky. 
Compositions were plotted on the two petrogenetic discrimination ternaries of Henry and Guidotti 
(1985). Tourmaline cores were analyzed in order to avoid their metamorphic rims. Tourmaline 
analysis was made in beam point mode with a beam current of 20 nA and an accelerating voltage 
of 15 kV. Similarly, detrital feldspar mineral chemical compositions were determined for 
comparison with detrital feldspar compositions in the Snowbird and Thunderhead Formations. 
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Feldspar compositions can be used to determine the extent of diagenesis, if any, undergone by the 
parental sandstone as well as to reveal any differences in the lithologic source of sandstones. For 
feldspar, microprobe analysis was made  in raster mode at 5000x magnification, with a beam 
current of 15 nA and an accelerating voltage of 15 kV. Both feldspar and tourmaline analyses 
were performed on individual detrital grains. Standards used during analysis included U.S. 
National Museum microcline (K), anorthoclase (Na, Si), anorthite (Ca, Al), hornblende (Mg, Fe), 
ilmenite (Ti), and garnet (Mn, Fe). Si, Al, Na, and Mg were analyzed using thallium acid 
phthalate (TAP, 2d = 25.75 Å) crystals; Fe and Mn with lithium fluoride (LIF, 2d = 4.028 Å) 
crystals; and Ca, Na, K, and Ti with pentaerythritol (PET, 2d = 8.742 Å) crystals. All microprobe 
analyses are compiled in Appendices E and F and plots are presented in the Results section. 
 
Heavy Mineral Mode Determination 
 Heavy mineral analysis (mineral modes, ratios, zircon-tourmaline-rutile (ZTR) index and 
geochemical compositions) follows methods of Chakraborty (2010). The mineral pairs rutile and 
zircon, monazite and zircon, and apatite and zircon were used due to their similar hydrodynamic 
behavior (Morton and Hallsworth, 1999). Approximately 0.5 to 1 kg of each rock sample was 
crushed in order to disaggregate the minerals. Before crushing, samples were rinsed and scrubbed 
to remove organic material and dirt. Samples were wet sieved with 250 µm and 100 µm mesh 
screens, passed over with a hand magnet to remove magnetite, then dried at 50° C for two hours. 
The dried samples were processed with bromoform (S.G. = 2.89) and then cleaned with acetone 
and DI water. A Franz magnetic separator was used for each magnetic group using currents of 
0.25 to 1.5 A. For monazite analysis, the 0.25 to 0.75 A non-magnetic fractions were processed 
with methylene iodide (S.G. = 3.33) to separate monazite from heavy minerals. For detrital zircon 
analysis, the 1.5 A non-magnetic fraction was processed. Epoxy mounts with approximately 300 
individual mineral grains were prepared, and from each mount 100 grains were analyzed via 
energy dispersive spectrometry (EDS) on the electron microprobe to determine mineralogy. The 
EDS spectrum of each mineral is sufficiently distinct that minerals could be identified with 
confidence. Minerals identified via EDS were zircon, tourmaline, rutile, apatite, hematite, 
monazite, epidote, ankerite-dolomite solid solution, biotite, pyrite, barite, ilmenite, and sphene. 
Grain counts from the epoxy mount analysis were used to determine the ZTR indices of each rock 





Detrital Zircon Geochronology 
Zircon (ZrSiO4) for U-Pb geochronology was concentrated from seven samples from the 
Walden Creek Group. Samples were chosen based on zircon abundance in thin section. These 
samples include four samples from the Wilhite Formation, two samples from the Shields 
Formation, and one from the Sandsuck Formation. Zircon crystals were extracted from samples 
by methods:  jaw crushing and disk mill grinding, followed by separation using a wet sieve, 
heavy liquids, and a Frantz magnetic separator. Samples were processed such that all zircons 
were retained in the final heavy mineral fraction.  A split of coarser grains (50 to 100 microns) 
was hand-picked based on size and incorporated into a one inch epoxy mount together with 
fragments of Sri Lanka standard zircon (563.5 +/- 3.2 Ma, Gehrels et al., 2008).  The mounts 
were sanded down to a depth of ~20 µm, polished, examined using cathodoluminescence (CL) 
and back-scattered electron imaging (BSE), and cleaned prior to isotopic analysis. CL and BSE 
images of zircon were made at the University of Kentucky on the CAMECA SX50 electron probe 
microanalyzer in order to fully characterize growth zones and surface topography, respectively, of 
each grain (Hietpas et al., 2010, 2011; Quinn et al., 2012). 
Zircon was analyzed by high precision U-Pb geochronology using laser ablation-
inductively coupled plasma-mass spectrometry (LA-ICPMS). Laser ablation was carried out on a 
Nu Plasma multicollector ICPMS at the University of Arizona. Analytical spots of 10-20 µm 
diameter were guided by the CL/BSE images and X-ray maps, so as to avoid overlapping growth 
zones. This approach yields true ages instead of mixed ages that would be obtained by analyzing 
random spots on grains which represent more than one growth zone (Chakraborty et al., 2012; 
Quinn et al., 2012). Crystal rim growth zones of sufficient width on zircon grains were analyzed 
if they could accommodate the beam  (minimum beam size is 10 microns). 
The ablated material is carried in helium into the plasma source of the mass spectrometer, 
which is equipped with a flight tube that is wide enough to measure U, Th, and Pb isotopes 
simultaneously.  All measurements are made in static mode, using Faraday detectors with 3x1011 
ohm resistors for 238U, 232Th, 208Pb-206Pb. Each analysis consists of one 15-second integration on 
peaks while the laser is off, 15 one-second integrations while the laser is firing, and a 30 second 
delay to purge the previous sample in order to avoid contaminating the next analysis.  The 
ablation pits are approximately 15 µm in depth. 204Hg interference with 204Pb is accounted for by 
measuring 202Hg during laser ablation and determining the amount of 204Hg based on the ratio 




For each analysis, the errors in determining 206Pb/238U and 206Pb/204Pb result in a 
measurement error of ~1-2% in the 206Pb/238U age.  The errors in measurement of 206Pb/207Pb and 
206Pb/204Pb also result in ~1-2% uncertainty in the age of grains that are older than 1.0 Ga. 
Concentrations of U and Th are calibrated relative to the Sri Lanka zircon standard, which 
contains ~518 ppm of U and 68 ppm Th. 
At the Arizona LaserChron Center, analyses that are greater than 20% discordant (by 
comparing 206Pb/238U to 206Pb/207Pb ages) or > 5% reverse discordant are discarded. The 
interpreted ages are represented on Pb*/U concordia diagrams and relative age-probability 
diagrams using Isoplot (Ludwig, 2008).  The age-probability diagrams reveal each age and its 
uncertainty, and sum all the ages from one sample into a single curve. Composite age probability 
plots are made from an Excel program used by the University of Arizona LaserChron Center that 
normalizes each curve according to the number of constituent analyses so that each curve 
contains the same area. The program then stacks the probability curves. A constant bin width of 
25 Ma was used in each of the individual samples' histograms, while a larger bin width of 62.5 
Ma was used in the total Walden Creek histogram. These widths were chosen in relative 
proportion to the number of data points. To aid comparisons between individual sample 
histograms, bins were kept the same for each sample, in spite of differences in range, number of 
data points, and distribution shape. The wider bins of the Total Walden Creek plot preserve the 
major modes of the dataset and reduce noise compared to the 25 Ma bin size, given the one order 
of magnitude larger sample size.  
 
Detrital Monazite Geochronology 
Monazite, (Ce,La)PO4, was separated out from eight samples. Due to very low modal 
abundance of monazite and high modal abundance of similarly rounded and colored tourmaline, 
monazite separation followed the crush, sieve, heavy liquid (Bromoform), magnetic separation, 
and heavy liquid (MEI) separation techniques of zircon, but also had to be mounted for 
microprobe verification using energy dispersive spectrometry. Thousands of grains were hand-
picked and mounted for microprobe verification on double-sided tape mounts using EDS, and 160  
grains of monazite or composite grains containing monazite were identified. These were 
separated into two groups based on size and mounted in epoxy with the monazite standard 554 
(age = 45.3 +/- 1.4 Ma; Harrison et al., 1999). BSE images and X-ray element maps of monazite 
were made at the University of Kentucky on the CAMECA SX50 electron probe microanalyzer in 
order to fully characterize growth zones of each grain. 
12	
	
Monazite was analyzed by high precision 208Pb/232Th geochronology using secondary ion 
mass spectrometry (SIMS). Ion probe analysis was carried out on an IMS-1270 CAMECA O2
- 
ion microbeam at the Department of Earth and Space Sciences, University of California, Los 
Angeles.  
Samples were gold-coated to prevent charge build up during the sputtering process. The 
sample chamber was flooded with oxygen up to a pressure of 2.5 10-5 Torr. Once the sample had 
been hit by the O2
- beam, sputtered ions were focused and constrained by apertures, then filtered 
by an energy window prior to passing through the main analyzer magnet. Operating conditions 
involved a primary beam current of 10-20 nA, a 50 eV energy window, a mass resolving power 
of about 5000, and a 15 eV offset for 232Th+. These conditions permit precision goals of +/- 2%.  
For monazite, analytical spots of 20 µm diameter were guided by BSE images to avoid 
growth and age zone boundaries when possible. Monazite grains analyzed by SIMS were re-
imaged at UK following analysis in order to ensure location of the beam within growth zones and 






















Chapter 3: Results 
 
Sandstone Petrography  
The Walden Creek Group is comprised of immature, low-grade metaclastic rocks.  
Although original sedimentary features are preserved in most samples (Fig. 3.1, 3.2, 3.3), sub-
greenschist to greenschist metamorphism of Walden Creek Group sediments resulted in post-
depositional modification of sedimentary fabrics in most samples. These features include loss of 
porosity, growth of chlorite, white mica, and siderite, dissolution and recrystallization of quartz, 
alteration and replacement of detrital feldspar, and  in some cases, the development of a weak 
grain shape preferred orientation defining a weak foliation. Mineral modes are dominated by 
quartz, plagioclase, and microcline. Detrital muscovite and epidote are common. Some samples 
exhibit mm-thick laminae of heavy mineral concentrations. Detrital garnet was observed in just 
one sample (FL7). All sandstones plot as subarkose or arkose, with the exception of six quartz 
arenite samples (Fig. 3.4). 
 
Shields Formation 
 The Shields Formation is the basal formation of the Walden Creek Group. It consists of 
very poorly sorted sandstones to conglomeratic beds (Fig. 3.1). All samples analyzed here have a 
matrix of silt-sized quartz and feldspar between angular grains of quartz, albite, and alkali-
feldspar (Fig. 3.4, 3.5). Angular clasts of siltstone are relatively common in the Shields Fm., 
forming sand-sized pebbles or thin-section scale stringers (Fig. 3.6). Metamorphic overprinting is 
limited to the growth of interstitial sericite. 
 
Wilhite Formation 
 The Wilhite Formation comprises the greatest portion of the Walden Creek Group 
exposure. It is also the most petrographically diverse, with the only carbonate units in the WCG. 
Carbonate units are on the scale of outcrop-scale olistostrome blocks to rare thin-section scale 
angular clasts (Fig. 3.2). Wilhite sediments are on average better sorted than the Shields; rather 
than sand-sized grains in a silt-sized matrix, Wilhite samples are either homogeneous silts or 
homogeneous sandstones in terms of grain size distributions (Fig. 3.7). Contacts between silt beds 
and sand beds were observed, and evidence of soft-sediment deformation such as flame structures 
and load casts are present (Fig. 3.2). Grains are angular to sub-rounded, with quartz and albite as 

































Figure 3.1. Interbedded quartz pebble conglomerates and siltstones in Shields Fm. Shale clast 


































Figure 3.2. Images of Wilhite sedimentary structures. Top: Angular carbonate clasts in Wilhite 






















Figure 3.3. Conglomerate bed in the Sandsuck Fm. Pebbles are quartz, alkali feldspar, and 
































Figure 3.4. Sandstone classification diagram after Dickinson (1985). All Walden Creek samples 
plotted. Plotted fields represent the following: (1) Quartz arenite, (2) Subarkose, (3) Arkose, (4) 














































Figure 3.5 A. Q-F-L tectonic discrimination diagram after Dickinson et al. 1985. Zones are 
numbered to correspond to sandstone source. B. Data from Walden Creek Group, grouped by 




































Figure 3.6. Photomicrographs of two Shields thin sections (WC12-4A and WC12-4). Plain 
polarized light on left, cross-polarized light on right. Highlighted in red boxes are shale clasts. 
















 The Sandsuck Formation, at the top of the Walden Creek Group, has similar mineralogy 
to the Shields and Wilhite, and therefore contains predominantly quartz and alkali-feldspar (Fig. 
3.4, 3.5, 3.7). Samples range from well-sorted to very poorly-sorted sandstones. Well-sorted 
sands are also more rounded and higher in quartz content. Some samples containing poorly-sorted 
sand- and conglomerate-sized grains have a dominantly sericitic matrix. These samples also 
contain recrystallized quartz. The conglomerates in the Sandsuck Formation have relatively more 
feldspar pebbles than the conglomerates of the Shields Formation (Fig. 3.3). 	
	
Feldspar Chemistry	
 For the entire Walden Creek Group, plagioclase is albitic (<25% An) while alkali 
feldspar is orthoclase-rich (>80% Or) (Fig. 3.8). The Shields sample analyzed is distinct from the 
Wilhite and Sandsuck in that it lacks alkali feldspar and nearly pure albitic plagioclase. Alkali 
feldspars in the Wilhite are relatively more sodic compared to the Sandsuck, but still plot at >80% 
Or.	
  The 36 Chilhowee feldspar grains analyzed plot as orthoclase-rich feldspar (> 90% Or). 
In comparison to the Walden Creek samples, the Chilhowee sample contained no plagioclase. 





 Heavy mineral abundances vary from 1 to 2 percent of the total mass of a sample. The 
most common mineral phase among  the heavy mineral assemblage in both the Shields and 
Wilhite Formations is pyrite, while ankerite dominates in the Sandsuck Formation. However, 
these minerals are probably not detrital. Textures in thin section are more consistent with a 
diagenetic or metamorphic origin. Non-opaque heavy minerals in the Walden Creek units are 
primarily zircon, tourmaline, rutile, and apatite (Fig. 3.9). The latter is common in the Wilhite but 
rare in the Sandsuck and Shields. Epidote is also ubiquitous, although relatively less abundant 
than the other observed opaque heavy minerals. Only one garnet grain was observed in all 
analyzed samples (Wilhite sample FL7). The ZTR index is high in all formations, but the Wilhite 





























Figure 3.7. Representative photomicrographs of Shields, Wilhite, and Sandsuck sandstones. All 
taken at 2x magnification. High quartz content, sub-rounded grains and few metamorphic fabrics 
(WC12-1A above) are typical of Walden Creek Group. Note also recrystallization of large quartz 
































Figure 3.8. Or-Ab-An feldspar ternary compositional diagrams. This study, shaded in green, 
compared to (A) feldspars of Snowbird and Great Smoky Group (orange, from Chakraborty et al., 
2012), and (B) feldspars of the Mesoproterozoic basement source for the Ocoee (yellow, from 
















Formation Wilhite Shields Sandsuck Thunderhead Snowbird 
N 7 2 2 1 8 
Zircon 17 17 6 26 24 
Tourmaline 32 29 20 9 7 
Rutile 27 46 67 1 2 
Apatite 17 0 1 23 24 
Epidote 5 6 5 22 23 
Monazite 1 1 1 1 1 
Biotite 1 0 0 5 3 
Sphene 0 1 0 13 16 
n 100 100 100 100 100 
ZTR 77 92 93 33 33 
 
Table 3.1. Non-opaque heavy mineral counts of WCG sandstones. Includes ZTR index (zircon-
tourmaline-rutile). Thunderhead Formation an d Snowbird Group volumentric data from 









































Figure 3.9. Heavy mineral relative abundance by sample. Seven Wilhite samples, two Shields 












have values of 92 and 93, respectively (Table 3.1, Fig. 3.9). Also of note is the relatively low 
zircon and high rutile abundances in the Sandsuck. 
 
Tourmaline composition  
 Tourmaline compositions plotted on the ternary compositional diagram after Henry and 
Guidotti (1985) primarily plot in one of two fields (Fig. 3.10). The densest cluster of points falls 
within the two fields characteristic of tourmalines formed in pelitic metamorphic rocks. A minor 
cluster of points falls in the field of relatively high iron metapelitic rocks (from sample KS12-




 Detrital zircon grains are subeuhedral to rounded and equant, with a smaller population of 
prismatic grains (Fig. 3.11). The sizes of zircons analyzed range from 20 to 100 microns in 
diameter. Both fragments and whole grains are observed. Grains exhibit oscillatory zoning in CL 
imaging, consistent with magmatic growth. Zircon rims are typically dark in CL, although some 
grains have thin, bright rims (Fig. 3.11). Based on the ages of known Grenville magmatic and 
metamorphic events, and the characteristic pattern of CL intensity, the rims are metamorphic. 
Cores are typically dark in BSE images. Variation in zircon color in thin section ranges from 
colorless, pink, or yellow, to translucent brown.  
 
Zircon Geochronology 
 Because the WCG is at a maximum of biotite grade, there should be no zircon dissolution 
and growth during regional metamorphism (Moecher and Samson, 2006). The youngest cluster of 
ages of detrital zircon and monazite identify the maximum age of deposition (Gehrels et al., 
2008).  
Two samples and 176 grains of the basal part of the Shields Formation were analyzed 
(Figure 3.12). More than 95% of the analyses are concordant and have very small errors (+ <5%) 
(Figure 3.13). Ages fall primarily between 925 and 1175 Ma, with two broad major peaks at 980 
and 1150 Ma. A long tail of about 16 grains ranges from 1175 to 1450. There are two 
Neoproterozoic ages of 641 ± 24 and 634 ± 10 Ma.  
 Four samples of the Wilhite Formation were analyzed (Fig. 3.12). More than 95% of the 






















Figure 3.10. Tourmaline compositional ternary diagram; relates tourmaline chemistry to host-
rock, after Henry and Guidotti (1985). Plotted fields represent the following: (1) Li-rich granitic 
rocks, (2) Li-poor granitic rocks, (3) Fe3+ rich granitic rocks, (4) Fe3+ rich metamorphic rocks, (5) 
Al-poor metapelites, and (6) Al-rich metapelites. All samples analyzed are from the Wilhite Fm. 
The tourmaline compositions are dominated by those derived from pelitic metamorphic rocks 










































Figure 3.11. Representative cathodoluminescence images of zircon. Analysis is by LA-ICP-MS 
for U-Pb geochronology, showing nature of growth zoning and grain morphology. Most grains 
exihibit oscillatory or sector zoning, consistent with magmatic growth. Grains are mostly 
characterized by dark rims. However, a few of the grains are characterized by having thin bright 



































Figure 3.12. Detrital zircon U-Pb age histograms by sample, grouped by formation. All zircon 


























Figure 3.13. U-Pb Concordia diagrams for zircon analyses of Shields (WC12-2A and PF12-1) 
and Sandsuck (WCK12-1). Each ellipse represents the 1σ error envelope associated with the 
combined error in the 206Pb/238U and 207/235U ages.  95% of the ages are concordant, indicating no 
disturbance of the U-Pb system. Age range along Concordia changes for each sample depending 


































Figure 3.14. U-Pb Concordia diagrams for Wilhite U-Pb zircon analyses. Each ellipse represents 
the 1σ error envelope associated with the combined error in the 206Pb/238U and 207/235U ages.  95% 
of the ages are concordant, indicating no disturbance of the U-Pb system. Age range along 















and 1150 Ma, with a minor population (n = 22) forming an age mode at 1300 Ma. Seventeen 
grains comprise a wide peak at 1450 Ma. There are three late Paleoproterozoic ages (1641 ± 10, 
1679 ± 20 and 1725 ± 26 Ma). The youngest grain of the entire data set is from the Wilhite, at 
604.7 ± 5.0 Ma, and there are two other Neoproterozoic ages in the Wilhite.  
 One sample of the Sandsuck Formation (n = 85) was analyzed, with more than 95% 
concordant ages (Fig. 3.12, 3.13). There are two distinct age peaks in the dataset at 980 and 1450. 
The peak at 1150 is broad, with a swath of grains from ages 1125 to 1390. The only two Archean 
grains from the dataset are in the Sandsuck, with ages of 2315 ± 4 and 2696 ± 3 Ma. One 




 Some monazite grain shapes are consistent with a detrital origin. Grains that are 
interpreted as detrital consist of single grains that are equant and subrounded with few if any 
mineral inclusions and little to no intergrowth with other minerals such as muscovite, quartz, or 
albite (Fig. 3.15, 3.16).  Grains range in size from 100 to 250 microns in diameter. Grains are 
variably degraded in shape, with micro-fractures that can easily compromise the grain’s structural 
integrity and suitability for analysis by ion microprobe. Monazites in the Walden Creek Group 
cover a range of colors including yellow, green, and dark brown. Apparent zoning as seen in BSE 
images is subtle, often with at most two or three zones (Fig. 3.15). Elemental mapping shows the 
subtle zones in more detail (Fig. 3.16). Zoning usually consists of sector zoned cores dominating 
the grain, surrounded by thin rims of a separate zone. 
 Grains from two Wilhite samples exhibit complex intergrowth with quartz, albite, white 
mica, rutile, and/or ankerite-siderite (Fig. 3.17, 3.18). These grains are always found as composite 
grains, with mineral inclusions or intergrown with other minerals along grain boundaries. These 
grains are sub-euhedral to euhedral or lobate, with no evidence of having been transported as 
single grains. The monazite grains that contain inclusions or are intergrown with other minerals 
may have been transported as composite grains. Alternatively, they may have an authigenic, 
diagenetic, or metamorphic origin (Evans et al., 1996; Rasmussen et al., 2001; Rasmussen et al., 





























Figure 3.15. Representative BSE images of detrital monazite grains; location of ion beam 
(ellipse) and associated age shown. Inclusions of muscovite (Mu) and quartz (Qtz) can be seen in 
FL7 Grain 4, top left. Grain 12 of sample PF12-1, top right, is fractured and intergrown with 
apatite (Ap), quartz, and muscovite. Grains are rounded (e.g. FL7 grain 10, bottom right) to 
subrounded (e.g. WCK12-1 grain 39, bottom right) and appear unzoned in BSE imaging. 































Figure 3.16. Representative BSE images and elemental maps of detrital monazite grains; location 
of ion beam (ellipse) and associated age shown. Quartz inclusions (Qtz) are present in 5-2-1A 
grain 45 (right), which also has muscovite (Mu) and alkali feldspar (Afs) inclusions. Grain 31 of 
sample PF12-1 (left) displays sector zoning consisting of a high Th core and a thick, low U, high 
Y rim. It is also characterized by quartz filled fractures. Grain 45 of sample 5-2-1A displays 

























Figure 3.17. Monazite BSE images of four grains from Wilhite sample Carter 5.1. Grains are 
highly intergrown with other accessory minerals including rutile (Ru), apatite (Ap), and siderite 
(Sid), as well as major minerals quartz (Qtz), potassium feldspar (Kfs), muscovite (Mu), and 
alkali feldspars (Afs, albite Ab). These grains could not be analyzed by SIMS Th-Pb 
geochronology due to density of inclusions. Based on textures, these grains are considered 






































Figure 3.18. BSE images and elemental maps of monazite from Wilhite sample Carter 5.1. Grains 
are highly intergrown with rutile (Ru), quartz (Qtz), and muscovite (Ms). Location of ion beam 






 Seven Sandsuck monazite grains were analyzed, and range in age from 974 ± 18 Ma to 
1212 ± 46 Ma (Fig. 3.19). The 12 Shields grains analyzed also produced only Grenville ages, 
with a youngest of 977 ± 17 Ma and an oldest of 1203 ± 21 Ma. Sixty-five Wilhite grains were 
analyzed. The oldest Wilhite grains are 1172 ± 23 Ma and while the youngest are 448 ± 8 Ma.  
In the total Walden Creek Group, two distinct age populations are observed (Fig. 3.19). 
All detrital cores and rims are Grenville in age, falling within a range of 900 to 1250 Ma. Within 
this range there are two peaks, one at 1030 Ma and the other at 1150 Ma. These peaks are well-
defined with low dispersion and correspond to Grenville age modes defined by zircon ages. The 
complexly intergrown Wilhite monazites found in samples 5-2-1 and Carter 5.1 make up the 
second population. These monazites produced an age peak at 490 Ma, with a minimum age of 
448 ± 8 Ma and an oldest age of 516 ± 17. The age distribution is skewed with a peak at ~ 450-





















































Figure 3.19. Detrital monazite U-Pb age histograms by formation. All monazite ages from this 


































Figure 3.20. Zircon and monazite age histograms from previous studies. A. Detrital zircon U-Pb 
ages for the Longarm, Pigeon, and Wading Branch Formations of the Snowbird Group, and the 
Thunderhead Formation of the Great Smoky Group, from Chakraborty et al. 2012. B. Detrital 
monazite and zircon ages from Pennsylvanian-age Appalachian foreland basin arenites, from 




Chapter 4: Discussion 
 
Geochronology 
Like the detrital zircon ages observed in previous studies of the Ocoee series (Bream et 
al., 2004; Carroll et al., 1957; Chakraborty, 2010; Chakraborty et al., 2012), the detrital zircon 
age distribution for the Walden Creek Group is comprised mainly of Grenvillian age modes. The 
two main peaks, ca. 1000-1050 Ma and 1150-1200 Ma, correspond to two major phases of 
Grenvillian orogenesis: the Ottawan and Elzevirian Orogenies (McLelland et al., 1996; Rivers, 
1997; Bream et al., 2004; McLelland et al., 2010). Age populations that fall between Grenville 
orogenic events, represented in the data between peaks, are attributed to random analytical errors 
and analysis spots that overlapped multiple age zones. Grains with small usable surface areas, 
whether due to grain size or grain condition, often prevent single-age spots.  Ages slightly older 
than main Grenville peaks, centered around 1350 Ma, can be accounted for by either the ca. 
1340-1370 Ma magmatic rocks from central Laurentia (Rohs and Van Schmus, 2007) or the ca. 
1300-1350 Ma orthogneisses recently discovered in the eastern Blue Ridge basement (Anderson 
and Moecher, 2008; Loughry, 2010; Quinn, 2012). The scattered ages from 1600 to 1800 Ma are 
not related to Grenville events, but can be accounted for by the Mars Hill terrane of the western 
Blue Ridge (Carrigan et al., 2003). Another potential source of the 1.8 Ga zircons is an exotic 
Amazonian crustal component (Tohver et al., 2004).  
Archean zircon grains were found in only one sample. Archean grains are found in other 
Neoproterozoic clastic sequences in eastern Laurentia (Bream et al., 2004; Cawood et al., 2007; 
Clift et al., 2009), but are rarely found in the Paleozoic clastic wedges in eastern Laurentia (Park 
et al., 2010; Merschat et al., 2010; Hietpas et al., 2011) (Fig. 3.20). Archean grains were absent 
from the Ocoee suite, but their presence in WCG samples suggests a sediment source from 
outside the limits of the Ocoee basin by WCG time. The Neoproterozoic zircon ages are primarily 
accounted for by Neoproterozoic magmatic events during continental rifting (Rankin, 1975). 
Zircons of the WCG in the range of ~600 Ma to ~750 Ma are attributed to two stages of rift-
related magmatism: (1) the 550-620 Ma Catoctin and Mount Rogers volcanics, and (2) the 680-
765 Ma Crossnore plutonic-volcanic complex, Robertson River granites, and Bakersville mafic 
intrusive suites (Lukert and Banks, 1984; Odom and Fullagar, 1984; Goldberg et al., 1986; Su et 
al., 1994; Aleinikoff et al., 1995; Tollo et al., 2004).  
Although the size of the data set is small, the detrital monazite age spectrum lacks both 
the dominant Paleozoic age peak as well as the long tail of Archean ages seen in late Paleozoic 
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strata (Fig. 3.19, 3.20). From textural analysis, all Paleozoic monazites in the Wilhite Fm. appear 
to be either diagenetic or produced during very low grade metamorphism, and are probably not 
detrital in origin. Monazite that crystallized during Paleozoic metamorphism and deformation is 
unexpected, as most monazite in metapelites is considered to grow only at staurolite grade or 
higher (Overstreet, 1967; Koppel and Grunenfelder, 1975; Smith and Barreiro, 1990). A 
commonly cited reason for the formation of monazite at high-grade is from garnet breakdown 
near the staurolite isograd (Pyle and Spear, 2003; Kohn and Malloy, 2004). At low grades, 
monazite is usually considered unstable relative to allanite (Kingsbury et al. 1993; Wing et al. 
2003). However, a long standing observation (Silliman, 1844) is that monazite has been observed 
with lower grade assemblages, and more recent work (Burnotte et al., 1989; Evans and 
Zalasiewicz, 1996; Rasmussen et al., 2001; Wing et al., 2003, Allaz et al., 2013) demonstrates 
that monazite can crystallize in lower grade mudrocks and clastic rocks during diagenesis. 
Authigenic monazite has even been recorded as Neoproterozoic rims on detrital grains in the 
Ocoee series (Aleinokoff et al., 2010).  Based on the monazite age data, the Walden Creek Group, 
as well as the remainder of the Ocoee Supergroup, was metamorphosed in the Taconian and 
therefore cannot be Paleozoic in age.  
The lag time between emplacement of a magmatic source, its uplift, erosion and 
subsequent deposition of sediment derived from it is highly variable. The youngest grain found in 
the Walden Creek, at 605 ± 5 Ma, defines only a maximum deposition age. It would have had to 
have been transported from source to sink within a span of 63 Ma in order to support a 
Proterozoic age of deposition of the Walden Creek Group. Had the 605 Ma grain taken 63 Ma or 
longer to reach the source, the Walden Creek Group could be younger. Studies of the 
Appalachian foreland basin detrital zircon populations have shown that Appalachian-sourced 
clastic wedges are commonly “one orogeny behind” (Thomas et al., 2004). This implies that if the 
Walden Creek Group were early Silurian, it would be too young to contain a Taconic detrital 
zircon signature. The youngest sediments expected to contain Taconic-age zircons would be 
Devonian-aged sediments from the time of the Acadian orogeny.   
 
Sandstone Maturity 
 A Grenville basement source for the WCG is reflected in both mineral chemistry and 
tectonic discrimination plots. The feldspar ternaries, like the detrital zircon ages, are a very strong 
match to the Ocoee signature of the previous study (Chakraborty et al., 2012). In both the QFL 
diagrams and the heavy mineral analyses, there are subtle differences that can be attributed to the 
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increasing maturity of sediments in the Ocoee rift-to-drift sequence. The sandstones are more 
quartz-rich in the Walden Creek, and contain a higher abundance of the most robust non-opaque 
heavy minerals. This could be attributed to increasing distance from the source, but this 
explanation does not hold for samples with angular clasts. Another possibility is that increased 
weathering of source rocks leading to a depletion of feldspar and less durable and chemically 
stable heavy minerals occurred by the time the Walden Creek Group was deposited.  
 
Depositional Environment 
 Depending on the age of the Walden Creek Group, its deposition was either in a 
continental rift basin preceding the opening of the Iapetus ocean (Rankin 1975, Rast and Kohles, 
1986), or possibly in a transtensional, pull-apart basin during the Acadian orogeny (Unrug et al. 
2000). 
The presence of carbonate beds and olistostromes in the Wilhite Formation provides 
constraints on the environment of Walden Creek Group deposition. Some early workers (King et 
al., 1958; Hadley, 1970) proposed a shallow-marine origin for the parts of the Walden Creek 
Group which contained massive carbonate blocks, but later workers concluded that even the 
massive carbonates are olistoliths (Rast and Kohles, 1986; Unrug and Unrug, 1990). This would 
suggest base-of-slope, debris apron type deposition with turbidites and other redeposited 
sediments.  
    
Remaining Questions and Future Work 
The lack of agreement between geochronology data and the depositional age required by 
the paleontological data (Unrug et al., 2000; Repetski et al., 2006)  is potentially due to 
discrepancies in sampling locations. If the Paleozoic rocks are included in relatively small, exotic 
blocks found locally within what is currently called the Walden Creek Group, they may not be 
represented in this dataset. The sample we gathered from an Unrug location (FL7) was a best 
estimate of the location, since the exact sample locations were incorrectly recorded in the Unrug 
et al. (2000) paper.  
 There also remain areas in eastern Tennessee with unresolved mapping discrepancies, 
mainly with respect to the Maggies Mill and Citico thrust sheets. All but two of the Unrug fossil 
localities are from within these thrust sheets which, as currently mapped (Wiener and Merschatt, 
1992), are in thrust contact with the Walden Creek Group. The uncertainty with respect to 
mapping is so great that the Repetski et al. paper (2006) and the Unrug (2000) paper disagree 
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with respect to the formation in which Unrug’s sample locations are currently mapped; Repetski 
re-assigns these olistostromatic beds to the Sandsuck rather than the Wilhite Formation. If it can 
be proven that all of the carbonate- and fossil-bearing rocks which are currently mapped as part of 
the Walden Creek Group are not continuous with the underlying Walden Creek Group, then this 
would support the existence of a previously unmapped, exotic Paleozoic formation within the 
Neoproterozoic Walden Creek Group.    
 There remains further work to be done to gather geochronologic data from the exact 
locations of the Unrug fossil localities (Ryan Thigpen, personal communication, 2013). In 
conjunction with detailed mapping, such work could investigate the potential of a split of the 
Walden Creek Group into a dominant Precambrian component and a lesser, exotically sourced 
Paleozoic component. If current mapping is correct, detrital ages from the non-Maggies Mill and 
Citico thrust sheet Unrug locations will be critical for establishing if fossils have ever been found 























Chapter 5: Conclusions 
 
1. The detrital zircon age spectrum for the Walden Creek Group is dominated by 
Mesoproterozoic “Grenville ages” but with rare Neoproterozoic ages. The age 
distribution closely matches the underlying Snowbird and Great Smoky Group 
signatures, although the Archean ages hint at an evolving provenance source that more 
closely matches eastern Laurentian Paleozoic clastic sequences. There is no evidence in 
the zircon geochronology data for a Paleozoic age of the Walden Creek Group.  
2. Detrital monazites ages (as opposed to metamorphic ages) in the Walden Creek Group 
are solely Mesoproterozoic, indicating a Grenville provenance, in agreement with the 
detrital zircon provenance information. The Ordovician ages of monazite obtained during 
this study, supported by the distinctive textural characteristics exhibited by monazite, 
represent the time of low grade metamorphism of WCG units, and not derivation of 
sediments from an eroding Taconian metamorphic terrane followed by deposition in the 
WCG basin. 
3. The geochronologic, petrologic, and mineralogic data are most consistent with a late 
Neoproterozoic depositional age for the Walden Creek Group. The majority of the rocks 
mapped as Walden Creek Group can be inferred to have been deposited conformably 
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Sample Formation Lithology Latitude Longitude UTM Location duplicated from: (if not this study)
5 1 1 Sandsuck Poorly sorted, angular, arkosic sandstone with carbonate clasts 35 13' 18'' -84 28' 20'' 17S 183945.55mE 3903152.78mN Carter et al., 1995
5 1 2 Wilhite Arkosic poorly-sorted sandstone 35 10' 28'' -84 25' 59'' 17S 187330.89mE 3897788.56mN Carter et al., 1995
5 1 6 Sandsuck Rounded quartz-rich sandstone with calcite cement 35 13' 27'' -84 27' 14'' 17S 185624.66mE 3903371.93mN Carter et al., 1995
5-2-1a Wilhite Quartz-pebble conglomerate 35 19' 30'' -84 17' 54'' 17S 200161.21mE 3914078.74mN Carter et al., 1995
5-2-1b Wilhite Quartz-rich siltstone 35 19' 30'' -84 17' 54'' 17S 200161.21mE 3914078.74mN Carter et al., 1995
Carter 5.1 Wilhite Subarkosic sandstone 35 36' 08'' -84 02' 58'' 17S 223744.89mE 3944112.65mN Carter et al., 1995
Carter 5.2 Wilhite Arkosic siltstone 35 36' 10'' -84 02' 00'' 17S 225206.78mE 3944129.13mN Carter et al., 1995
CW12-1 Wilhite Quartz pebble conglomerate 35 35' 12'' -83 59' 50'' 17S 228424.62mE 3942241.15mN
CW12-2 Wilhite Subarkosic siltstone 35 35' 09'' -83 59' 51'' 17S 228396.63mE 3942149.46mN
FL7 Wilhite Quartz-rich sandstone 35 30' 04'' -84 06' 51'' 17S 217524.82mE 3933077.21mN Unrug et al., 2000
KS12-1 Chilhowee Quartz-arenite 35 44' 06'' -83 49' 21'' 17S 244733.36mE 3958230.58mN
KS12-2A Wilhite Subarkosic sandstone 35 44' 20'' -83 45' 38'' 17S 250349.17mE 3958502.47mN
KS12-2B Wilhite Subarkosic sandstone 35 44' 20'' -83 45' 38'' 17S 250349.17mE 3958502.47mN
KS12-2C Wilhite V poorly sorted subarkosic sandstone with sh clasts 35 44' 20'' -83 45' 38'' 17S 250349.17mE 3958502.47mN
KS12-3 Grainger Quartz-rich, rounded siltstone 35 42' 20'' -83 52' 07'' 17S 240466.39mE 3955084.69mN
KS12-4A Wilhite Quartz-pebble and feldspar conglomerate 35 41' 23" -83 47' 51" 17S 246851.65mE 3953142.10mN
KS12-4B Wilhite Arkosic, well-sorted, fine sandstone 36 41' 23" -84 47' 51" 17S 246851.65mE 3953142.10mN
KS12-4C Wilhite Arkosic, poorly-sorted, angular sandstone 37 41' 23" -85 47' 51" 17S 246851.65mE 3953142.10mN
PF12-1 Shields Poorly sorted feldspathic sandstone 35 45' 40'' -83 37' 18'' 17S 262978.42mE 3960623.05mN
WC12-1A Shields Quartz-rich sandstone 35 42' 59'' -83 40' 31'' 17S 257994.97mE 3955792.24mN
WC12-1B Shields Quartz-rich poorly sorted sandstone 35 42' 59'' -83 40' 28'' 17S 258070.37mE 3955790.19mN
WC12-2A Shields Quartz-rich poorly sorted angular sandstone 35 42' 59'' -83 40'19'' 17S 258296.57mE 3955784.02mN
WC12-3 Shields Rounded to subangular quartz-rich sandstone 35 44' 43'' -83 39' 18'' 17S 259916.51mE 3958947.54mN
WC12-4 Wilhite Quartz-rich sandstone with shale clasts 35 44' 50'' -83 42' 13'' 17S 255525.68mE 3959283.48mN
WC12-4A Wilhite Quartz-rich sandstone with shale clasts 35 44' 50'' -83 42' 13'' 17S 255525.68mE 3959283.48mN
WC12-5 Wilhite Quartz-rich sandstone 35 44' 41'' -83 44' 19'' 17S 252352.28mE 3959094.00mN
WCK12-1 Sandsuck Quartz-pebble conglomerate 35 48' 13'' -83 39' 13'' 17S 260217.49mE 3965416.13mN
WCK12-2 Sandsuck Quartz-pebble and feldspar conglomerate 35 46' 36'' -83 40' 10'' 17S 258704.94mE 3962465.59mN
WCK12-3 Sandsuck Well sorted subarkose sandstone 35 47' 39'' -83 39' 07'' 17S 260339.74mE 3964364.20mN
Appendix C: Sample Table
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Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WC124gr1 1.39 30.94 10.23 13.21 0.33 3.1 0.87 1.92 0.07 3.53 99.9
WC124gr2 1.85 26.52 10.32 10.21 0.04 8.13 2.74 1.44 0.04 3.56 100.2
WC124gr3 0.64 32.2 10.55 5.7 0.03 7.75 0.59 2.13 0 3.64 99.15
WC124gr4 1.14 28.56 10.5 5.52 0 10.59 3.52 1 0.06 3.62 99.82
WC124gr5 0.94 24.4 9.99 12.77 0.15 8.21 2.73 1.31 0.06 3.45 98.53
WC124gr6 1.33 34.46 10.62 4.69 0.02 7.32 1.27 1.72 0.06 3.67 99.62
WC124gr7 1.52 24.23 9.97 11.82 0.05 8.61 2.9 1.24 0.02 3.44 97.97
WC124gr8 0.8 24.95 10.03 11.26 0 9.14 2.5 1.37 0.05 3.46 98.08
WC124gr9 0.31 32.62 10.43 8.4 0.02 6.59 1.36 1.57 0.1 3.6 99.49
WC124gr10 1.34 23.21 9.81 18.08 0.25 5.62 1.81 1.75 0.07 3.39 99.28
Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WCK123gr1 1.15 26.89 9.71 17.89 0.14 3.46 1.25 1.62 0.03 3.35 97.67
WCK123gr2 1.02 29.18 10.05 13.75 0.12 5.85 2.84 1.04 0.05 3.47 99.43
WCK123gr3 0.58 33.2 10.76 5.54 0 7.73 0.68 1.9 0.11 3.71 100.83
WCK123gr4 0.63 28.37 10.21 10.94 0.03 7 1.21 2.07 0.02 3.52 98.97
WCK123gr5 1.26 22.61 9.65 19.69 0.4 5.09 1.63 1.79 0.09 3.33 98.63
WCK123gr6 1.13 26.54 10.2 13.55 0.04 6.73 2.86 1.32 0.07 3.52 100.66
WCK123gr7 1.02 33.75 10.63 5.15 0 7.22 0.67 1.91 0.01 3.67 99.53
WCK123gr8 0.99 30.04 10.4 8.52 0 7.84 2.47 1.4 0.08 3.59 99.9
WCK123gr9 0.85 31.11 11.51 3.92 0.07 7.1 1.42 1.54 0.05 3.97 106.09
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Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WCK121gr3 0.23 30.78 10.49 6.02 0.05 8.78 1.37 2.01 0.03 3.62 99.14
WCK121gr5 1.02 26.58 10.38 9.43 0.13 9.46 3.12 1.21 0.08 3.58 100.52
WCK121gr6 0.2 32.11 10.43 8.67 0.05 6.22 0.19 1.92 0.05 3.6 99.11
WCK121gr9 0.09 22.06 9.35 3.06 0.06 1.05 15.5 0.05 6.63 3.23 94.86
WCK121gr10 0.23 21.5 9.54 21.77 0 1.51 0.05 0 6.9 3.29 100.41
WCK121gr12 0.25 30.53 10.09 13.87 0.26 3.03 0.3 2.11 0.1 3.48 98.55
WCK121gr13 0.8 30.85 10.48 5.43 0.01 9.78 0.51 2.32 0.1 3.62 98.91
WCK121gr14 1.51 31.26 10.77 4.39 0 10.48 0.51 2.76 0 3.71 101.24
WCK121gr15 0.94 32.75 10.46 7.46 0.03 6.23 1.27 1.71 0.08 3.61 99.26
WCK121gr16 1.12 31.33 10.49 3.63 0.01 10.13 1.08 2.25 0.06 3.62 98.33
Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
512gr1 1.08 33.78 10.62 7.53 0.07 5.75 1.11 1.59 0 3.66 100.56
512gr2 0.91 28.35 10.22 9.98 0.05 7.37 1.63 1.79 0.05 3.53 98.71
512gr3 1.13 26.86 10.21 12.67 0.02 7.13 0.7 2.25 0.03 3.52 99.82
512gr4 0.91 26.43 10.22 9.85 0.04 9 3.72 0.76 0.05 3.53 99.31
512gr5 0.8 34.81 10.61 8.3 0.06 4.4 0.44 1.78 0.06 3.66 100.45
512gr6 0.63 28.21 10.48 3.09 0 12.95 5.32 0.05 0.01 3.62 98.96
512gr7 0.55 33.04 10.42 11.48 0.05 4.03 0.75 1.78 0.06 3.6 100.48
512gr8 0.92 29.87 10.22 10.58 0.05 6.23 1.77 1.72 0.1 3.53 99.06
512gr9 0.7 31.6 10.61 5.81 0.03 9.09 2.26 1.58 0 3.66 100.49
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Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WCK121Agr1 0.06 35.03 11.04 7.15 0 2.28 0.03 1.74 2.21 3.81 103.89
WCK121Agr2 1.33 31.71 10.2 11.62 0.08 3.56 1.09 1.58 0.07 3.52 98.68
WCK121Agr3 0.15 34.27 10.21 14.33 0.05 0.98 0.12 1.47 0.04 3.52 99.17
WCK121Agr4 1.18 21.6 10.6 10.81 0.02 7.86 2.09 1.27 0.07 3.66 101.76
WCK121Agr5 0.76 29.25 10.71 1.03 0 12.82 3.68 0.63 0.06 3.69 99.37
WCK121Agr6 0.32 25.23 10.12 10.83 0.03 9.37 3.19 1.04 0.05 3.49 98.75
WCK121Agr7 1.23 34.12 10.47 8.12 0.07 5.13 0.85 1.71 0.09 3.61 99.58
WCK121Agr8 0.95 33.1 10.48 8.27 0.08 5.34 0.66 1.8 0.05 3.62 99.54
WCK121Agr9 1.51 25.31 10.04 12.65 0.01 7.41 1.18 2.07 0.09 3.46 98.5
WCK121Agr10 0.79 25.25 10.06 12.42 0.07 7.78 2.34 1.54 0.06 3.47 98.76
Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WC125gr1 1.24 33.1 10.33 9.69 0.06 4.39 0.85 1.64 0.09 3.56 98.92
WC125gr2 1.01 26.34 10.12 11.68 0.11 7.93 2.07 1.5 0.07 3.49 98.91
WC125gr3 0.79 29.3 10.33 10.88 0 6.53 0.86 2.1 0 3.56 99.76
WC125gr4 1.34 24.38 10.05 12.8 0.13 8.1 2.21 1.32 0.08 3.47 98.86
WC125gr5 1.37 23.67 9.94 13.98 0.09 8.19 1.83 1.72 0.06 3.43 98.57
WC125gr6 0.47 28.08 10.51 5.68 0.06 11.32 3.45 1.02 0.01 3.63 99.97
WC125gr7 1.19 22.08 9.8 15.58 0 8.49 1.38 1.98 0.11 3.38 98.05
WC125gr8 2.23 21.82 9.94 15.04 0.07 7.89 1.6 1.84 0.09 3.43 99.05
WC125gr9 0.43 32.95 10.46 8.6 0 5.47 0.42 1.99 0.07 3.61 99.39
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Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WC12‐4Agr2 1.04 29.46 10.38 9.75 0.06 7.09 2.02 1.62 0.07 3.58 100.11
WC12‐4Agr3 1.47 30.07 10.62 4.17 0.08 9.51 2.28 1.33 0.06 3.66 99.68
WC12‐4Agr4 0.24 31.49 10.47 4.83 0.54 9.18 1.2 1.81 0.06 3.61 98.56
WC12‐4Agr5 0.88 32.77 10.32 12.18 0.09 3.42 0.52 1.86 0.07 3.56 99.87
WC12‐4Agr6 0.8 27.74 10.13 15.61 0.26 4.04 1.05 1.83 0.04 3.5 100.18
WC12‐4Agr7 0.65 34.81 10.58 8.17 0.02 5.14 0.87 1.67 0.05 3.65 100.4
WC12‐4Agr8 3.13 28.64 10.52 2.88 0.01 10.18 0.36 2.57 0.01 3.63 98.15
WC12‐4Agr9 1.38 30.6 10.43 6.63 0 8.04 1.91 1.55 0.04 3.6 99.08
WC12‐4Agr10 1.52 29.6 10.51 6.3 0.03 8.32 1.91 1.63 0.05 3.62 99.55
WC12‐4Agr11 0.96 34.65 10.72 5 0.03 6.85 1.03 1.94 0.05 3.7 100.42
Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
WC12‐2Agr2 1.03 32.37 10.4 9.58 0.31 4.67 0.72 1.91 0.06 3.59 99.57
WC12‐2Agr3 1.14 33.6 10.5 10.67 0.07 3.7 0.64 1.73 0.04 3.62 100.73
WC12‐2Agr4 1.37 29.4 10.41 6.75 0.02 8.93 1.51 2.06 0.09 3.59 99.18
WC12‐2Agr6 0.8 23.88 9.97 15.06 0.17 7.68 2.15 1.71 0.06 3.44 99.37
WC12‐2Agr7 0.93 34.04 10.62 6.46 0.11 6.09 1.26 1.5 0.05 3.66 100.05
WC12‐2Agr8 1.04 34.36 10.65 6.75 0.03 6.18 1.16 1.38 0.05 3.67 100.42
WC12‐2Agr9 0.86 33.36 10.69 5.75 0.1 6.96 0.74 1.74 0.02 3.69 100.27
WC12‐2Agr10 0.73 30.49 10.08 15.19 0.38 2.49 0.5 2.11 0.07 3.48 99.35
WC12‐2Agr11 0.9 27.37 10.14 13.84 0.11 5.68 1.62 1.77 0.05 3.5 99.8
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Label TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
KS12‐2Cgr2 1.09 33.31 10.5 9.1 0 5.1 0.93 1.81 0.05 3.62 100.3
KS12‐2Cgr3 0.9 29.32 10.69 2.69 0.06 11.85 2.11 1.66 0.06 3.69 99.84
KS12‐2Cgr4 1.51 27.7 10.46 3.82 0.03 11.51 2.25 1.58 0.05 3.61 98.46
KS12‐2Cgr5 0.8 31.1 10.43 9.49 0.1 6.89 2.22 1.26 0.1 3.6 100.42
KS12‐2Cgr6 0.9 32.55 10.48 8.76 0.06 5.39 0.74 1.81 0.07 3.62 99.81
KS12‐2Cgr7 1.24 29.14 10.84 0.3 0.02 13.46 3.65 1.07 0 3.74 100.56
KS12‐2Cgr8 0.67 22.2 9.81 14.91 0.07 8.78 2.54 1.45 0.07 3.38 98.01
KS12‐2Cgr9 0.98 26.78 10.22 10.26 0.01 7.94 2.62 1.28 0.06 3.52 99.01
KS12‐2Cgr10 0.54 30.31 10.24 13.13 0 4.28 0.27 2.11 0.06 3.53 99.62
KS12‐2Cgr11 0.89 31.8 10.34 9.44 0.02 5.43 0.65 1.86 0.09 3.57 98.93
TiO2     Al2O3    B2O3 FeO      MnO      MgO      CaO      Na2O     K2O      H2O Sum Ox%
0.78 34.51 10.88 6.55 0 6.57 0.78 1.69 0 3.75 102.24
1 34.35 10.9 7.22 0.07 6.3 0.61 1.82 0.01 3.76 102.76
1.63 24.76 10.25 12.22 0 8.65 2.78 1.27 0.11 3.54 100.66
2.15 25.03 10.27 12.73 0.05 8.39 2 1.66 0.08 3.54 101.02
2.08 24.47 10.2 12.84 0 8.45 2.25 1.69 0.08 3.52 100.55
0.89 28.38 10.42 9.75 0.03 7.89 2.2 1.51 0.08 3.59 100.52
1.01 28.09 10.47 9.46 0 8.36 2.2 1.53 0.08 3.61 100.92
1.2 33.53 10.76 6.78 0.13 7.49 2.07 1.32 0.1 3.71 102.17
1.23 33.26 10.76 6.64 0.2 7.58 2.28 1.42 0.08 3.71 102.26
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TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
1.19 26.3 10.42 12.54 0.09 8.38 3.13 1.03 0.07 3.6 102.33
1.32 25.44 10.29 12.27 0 8.54 3.08 1.12 0.07 3.55 101.05
0.58 31.84 10.65 7.98 0 7.8 0.97 2.09 0.09 3.67 101.46
0.57 31.94 10.68 8.22 0.07 7.83 0.83 1.97 0.06 3.69 101.77
0.73 34.13 10.92 6.88 0.04 6.93 0.7 1.83 0.05 3.77 102.92
0.67 35.15 10.95 6.38 0.1 6.94 0.69 1.86 0.05 3.78 102.98
2.03 29.6 10.84 5.08 0.05 10.64 2.61 1.47 0.05 3.74 102.6
2.08 29.55 10.84 5.74 0 10.55 2.59 1.47 0.02 3.74 102.92
1.88 27.44 10.53 9.23 0 9.01 2.91 1.13 0.04 3.63 101.68
2.54 27.22 10.57 7.89 0.13 9.73 3.13 1.02 0.05 3.65 101.68
SiO2 TiO2 Al2O3 B2O3 FeO MnO MgO CaO Na2O K2O H2O Sum Ox%
35 2.67 25.88 10.32 12.7 0.1 6.78 2.49 1.52 0.1 3.56 101.42
35 2.95 26.13 10.36 12.89 0 6.88 2.55 1.35 0.1 3.57 101.92
35 0.95 24.63 10.17 13.91 0 8.16 2 1.59 0.05 3.51 100.41
35 1.04 24.61 10.15 13.45 0.09 8.21 2.21 1.66 0.05 3.5 100.21
36 0.93 33.2 10.76 7.96 0.04 6.53 0.86 1.76 0.04 3.71 102.08
37 0.66 33.58 10.82 8.19 0.05 6.43 0.76 1.75 0.03 3.73 102.58
35 0.29 30.78 10.36 13.54 0.19 4.14 0.28 2.44 0.06 3.57 101.03
35 0.24 31.01 10.38 13.66 0 4.1 0.28 2.38 0.06 3.58 101.16
36 1.18 26.78 10.28 10.62 0.1 8.06 1.88 1.73 0.06 3.55 99.79
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Appendix E: Feldspar microprobe analyses              
5‐1‐1 (Sandsuck sandstone)             
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ1gr1pt1  11.40  19.61  67.93  0.07  0.03  0.13  99.17 
3BQ1gr1pt2  11.03  20.22  66.95  0.02  0.00  0.08  98.30 
3BQ1gr1pt3  10.85  19.81  66.39  0.05  0.32  0.09  97.51 
Average:  11.09  19.88  67.09  0.05  0.12  0.10  98.33 
3BQ1gr2pt1  9.73  22.50  63.73  0.18  2.65  0.48  99.28 
3BQ1gr2pt2  9.12  22.78  63.03  0.22  2.95  0.16  98.27 
Average:  9.43  22.64  63.38  0.20  2.80  0.32  98.78 
3BQ1gr3pt1  10.27  21.39  66.28  0.19  1.54  0.10  99.75 
3BQ1gr3pt2  9.78  20.88  64.44  0.17  1.32  0.21  96.80 
Average:  10.02  21.13  65.36  0.18  1.43  0.15  98.27 
3BQ1gr4pt1  9.76  21.96  65.80  0.19  1.82  0.20  99.73 
3BQ1gr4pt2  10.12  21.32  65.34  0.14  1.61  0.06  98.60 
Average:  9.94  21.64  65.57  0.17  1.72  0.13  99.16 
3BQ1gr5pt1  10.41  21.54  67.04  0.39  1.25  0.12  100.75 
3BQ1gr5pt2  10.29  20.78  65.03  0.26  1.25  0.29  97.91 
Average:  10.35  21.16  66.03  0.33  1.25  0.20  99.33 
3BQ1gr6pt1  10.92  20.69  66.99  0.12  0.58  0.09  99.40 
3BQ1gr6pt2  11.02  20.48  66.49  0.10  0.49  0.26  98.85 
Average:  10.97  20.59  66.74  0.11  0.53  0.18  99.12 
3BQ1gr7pt1  10.44  20.96  64.38  0.10  1.41  0.16  97.47 
3BQ1gr7pt2  10.58  21.12  65.42  0.08  1.46  0.24  98.91 
Average:  10.51  21.04  64.90  0.09  1.44  0.20  98.19 
3BQ1gr8pt1  9.12  23.41  62.26  0.23  3.93  0.12  99.07 
3BQ1gr8pt2  9.24  23.30  62.87  0.24  3.93  0.12  99.70 
Average:  9.18  23.36  62.56  0.24  3.93  0.12  99.38 
3BQ1gr9pt1  10.92  20.27  67.10  0.10  0.48  0.15  99.02 
3BQ1gr9pt2  11.17  20.29  67.89  0.10  0.21  0.03  99.70 
Average:  11.04  20.28  67.49  0.10  0.35  0.09  99.36 
3BQ1gr10pt1  10.24  21.66  65.84  0.09  2.18  0.04  100.06 
3BQ1gr10pt2  10.17  21.68  65.61  0.09  1.74  0.05  99.34 
Average:  10.20  21.67  65.73  0.09  1.96  0.05  99.70 
3BQ1gr11pt1  9.59  21.72  63.81  0.18  2.29  0.17  97.76 
3BQ1gr11pt2  10.09  22.15  64.68  0.18  2.49  0.13  99.73 
Average:  9.84  21.94  64.25  0.18  2.39  0.15  98.74 
3BQ1gr12pt1  10.27  20.60  65.36  0.21  1.27  0.14  97.85 
3BQ1gr12pt2  10.18  21.06  66.53  0.27  1.46  0.20  99.70 
Average:  10.23  20.83  65.94  0.24  1.36  0.17  98.78 
3BQ1gr13pt1  9.76  21.72  62.81  0.24  2.10  0.05  96.67 
3BQ1gr13pt2  10.05  21.44  63.19  0.24  1.96  0.18  97.07 
Average:  9.90  21.58  63.00  0.24  2.03  0.11  96.87 
3BQ1gr14pt1  11.52  19.92  67.05  0.07  0.09  0.11  98.77 
3BQ1gr14pt2  10.94  19.63  67.46  0.05  0.06  0.14  98.28 
Average:  11.23  19.78  67.26  0.06  0.07  0.12  98.52 
3BQ1gr15pt1  11.25  19.77  67.10  0.04  0.08  0.16  98.39 
3BQ1gr15pt2  11.35  19.59  66.44  0.04  0.03  0.07  97.53 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ1gr16pt1  10.22  21.67  64.84  0.19  1.99  0.19  99.11 
3BQ1gr16pt2  10.02  21.76  65.12  0.20  1.95  0.09  99.14 
Average:  10.12  21.72  64.98  0.20  1.97  0.14  99.13 
3BQ1gr17pt1  11.79  20.16  67.27  0.04  0.00  0.16  99.42 
3BQ1gr17pt2  11.26  20.16  67.54  0.03  0.08  0.03  99.10 
Average:  11.53  20.16  67.41  0.03  0.04  0.10  99.26 
3BQ1gr18pt1  11.69  20.27  66.55  0.04  0.09  0.10  98.74 
3BQ1gr18pt2  10.83  18.72  68.49  0.02  0.06  0.05  98.17 
Average:  11.26  19.49  67.52  0.03  0.08  0.07  98.45 
3BQ1gr19pt1  10.72  20.26  65.80  0.10  0.63  0.13  97.63 
3BQ1gr19pt2  11.13  20.59  66.89  0.14  0.56  0.08  99.39 
Average:  10.93  20.43  66.35  0.12  0.59  0.10  98.51 
3BQ1gr20pt1  11.12  19.89  66.86  0.04  0.07  0.14  98.12 
3BQ1gr20pt2  11.13  20.08  67.93  0.07  0.06  0.17  99.44 
Average:  11.12  19.98  67.40  0.05  0.07  0.15  98.78 
3BQ1gr21pt1  9.39  22.91  63.69  0.25  3.16  0.12  99.52 
3BQ1gr21pt2  9.63  22.39  64.60  0.24  3.17  0.16  100.19 
Average:  9.51  22.65  64.14  0.24  3.17  0.14  99.85 
3BQ1gr22pt1  10.84  21.07  66.04  0.20  0.94  0.36  99.46 
3BQ1gr22pt2  10.89  20.37  67.24  0.15  0.57  0.18  99.40 
Average:  10.86  20.72  66.64  0.18  0.76  0.27  99.43 
3BQ1gr23pt1  10.06  21.04  65.27  0.09  1.52  0.04  98.01 
3BQ1gr23pt2  10.37  21.39  64.58  0.12  1.60  0.10  98.15 
Average:  10.21  21.21  64.93  0.10  1.56  0.07  98.08 
3BQ1gr24pt1  10.37  21.44  64.07  0.13  1.83  0.15  97.98 
3BQ1gr24pt2  9.89  22.20  64.66  0.17  2.25  0.11  99.27 
Average:  10.13  21.82  64.37  0.15  2.04  0.13  98.63 
3BQ1gr25pt1  11.48  20.07  68.10  0.02  0.12  0.09  99.88 
3BQ1gr25pt2  11.27  20.21  68.01  0.04  0.08  0.07  99.67 
Average:  11.38  20.14  68.05  0.03  0.10  0.08  99.78 
3BQ1gr26pt1  11.33  20.18  67.02  0.13  0.49  0.06  99.21 
3BQ1gr26pt2  10.65  20.18  67.54  0.12  0.39  0.07  98.95 
Average:  10.99  20.18  67.28  0.13  0.44  0.06  99.08 
3BQ1gr27pt1  9.39  22.24  62.72  0.40  3.11  0.11  97.97 
3BQ1gr27pt2  9.69  22.36  63.10  0.40  3.06  0.21  98.82 
Average:  9.54  22.30  62.91  0.40  3.08  0.16  98.39 
3BQ1gr29pt1  9.58  22.45  62.82  0.27  2.96  0.09  98.18 
3BQ1gr29pt2  9.70  22.24  63.70  0.29  2.86  0.22  99.00 
Average:  9.64  22.35  63.26  0.28  2.91  0.15  98.59 
3BQ1gr30pt1  11.32  20.07  67.73  0.18  0.06  0.30  99.67 
3BQ1gr30pt2  11.06  19.38  68.23  0.18  0.05  0.23  99.14 










Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ21gr1pt1  12.03  19.86  67.63  0.05  0.01  0.08  99.65 
3BQ21gr1pt2  11.54  20.20  67.18  0.02  0.00  0.00  98.94 
Average:  11.78  20.03  67.40  0.03  0.00  0.04  99.29 
3BQ21gr2pt1  11.17  20.00  68.23  0.01  0.08  0.02  99.51 
3BQ21gr2pt2  11.35  20.35  67.93  0.09  0.07  0.00  99.78 
Average:  11.26  20.17  68.08  0.05  0.07  0.01  99.65 
3BQ21gr3pt1  11.43  20.60  67.71  0.03  0.05  0.00  99.83 
3BQ21gr3pt2  11.57  20.30  68.26  0.07  0.09  0.11  100.40 
3BQ21gr3pt3  11.26  19.98  67.01  0.02  0.03  0.16  98.47 
Average:  11.42  20.29  67.66  0.04  0.06  0.09  99.57 
WCK12‐1 (Sandsuck sandstone)                
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ27gr1pt1  0.73  19.12  64.45  15.92  0.00  0.09  100.31 
3BQ27gr1pt2  0.70  19.25  64.00  16.16  0.00  0.04  100.14 
Average:  0.72  19.18  64.22  16.04  0.00  0.07  100.22 
3BQ27gr2pt1  0.47  18.78  63.72  16.40  0.02  0.12  99.51 
3BQ27gr2pt2  0.50  18.83  64.12  16.19  0.01  0.06  99.71 
3BQ27gr2pt3  0.78  18.76  62.92  16.04  0.00  0.02  98.52 
Average:  0.59  18.79  63.59  16.21  0.01  0.07  99.25 
3BQ27gr3pt1  0.46  19.02  64.39  16.62  0.00  0.15  100.62 
3BQ27gr3pt2  0.39  18.94  63.03  16.36  0.00  0.15  98.88 
Average:  0.43  18.98  63.71  16.49  0.00  0.15  99.75 
3BQ27gr4pt1  0.70  18.75  64.04  16.41  0.01  0.03  99.94 
3BQ27gr4pt2  0.64  19.01  63.15  16.11  0.02  0.05  98.98 
Average:  0.67  18.88  63.60  16.26  0.02  0.04  99.46 
3BQ27gr5pt1  0.51  19.12  62.41  15.94  0.01  0.09  98.08 
3BQ27gr5pt2  0.47  18.91  62.42  16.27  0.00  0.09  98.18 
Average:  0.49  19.02  62.41  16.10  0.01  0.09  98.13 
3BQ27gr6pt1  0.34  18.66  64.04  16.77  0.00  0.01  99.82 
3BQ27gr6pt2  0.42  18.50  63.70  16.77  0.00  0.03  99.42 
Average:  0.38  18.58  63.87  16.77  0.00  0.02  99.62 
3BQ27gr7pt1  0.53  18.88  63.06  16.42  0.05  0.00  98.94 
3BQ27gr7pt2  0.73  19.29  64.22  15.84  0.01  0.04  100.12 
Average:  0.63  19.09  63.64  16.13  0.03  0.02  99.53 
3BQ27gr8pt1  0.75  19.11  63.45  15.69  0.00  0.02  99.01 
3BQ27gr8pt2  0.94  19.05  63.38  15.69  0.00  0.01  99.06 
Average:  0.85  19.08  63.41  15.69  0.00  0.01  99.03 
3BQ27gr9pt1  0.62  18.92  63.51  16.44  0.07  0.11  99.67 
3BQ27gr9pt2  0.10  19.09  63.67  17.09  0.00  0.00  99.95 
Average:  0.36  19.00  63.59  16.77  0.03  0.05  99.81 
3BQ27gr10pt1  0.25  18.63  63.99  16.58  0.00  0.08  99.53 
3BQ27gr10pt2  0.51  19.12  64.47  16.38  0.04  0.06  100.57 
Average:  0.38  18.87  64.23  16.48  0.02  0.07  100.05 
3BQ27gr11pt1  0.65  19.11  64.17  16.22  0.00  0.09  100.24 
3BQ27gr11pt2  0.46  18.87  64.33  16.22  0.00  0.05  99.92 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ27gr12pt1  0.75  19.05  63.28  15.69  0.01  0.00  98.78 
3BQ27gr12pt2  0.75  19.12  63.70  15.59  0.00  0.04  99.20 
Average:  0.75  19.09  63.49  15.64  0.00  0.02  98.99 
3BQ27gr13pt1  0.71  19.06  62.56  15.81  0.00  0.06  98.20 
3BQ27gr13pt2  0.29  18.76  64.15  16.71  0.00  0.00  99.91 
3BQ27gr13pt3  0.50  18.52  62.88  16.33  0.00  0.25  98.47 
Average:  0.50  18.78  63.20  16.28  0.00  0.10  98.86 
3BQ27gr14pt1  0.79  18.88  63.56  16.06  0.00  0.07  99.37 
3BQ27gr14pt2  0.70  19.33  62.87  15.76  0.02  0.00  98.68 
Average:  0.74  19.11  63.22  15.91  0.01  0.03  99.02 
3BQ27gr15pt1  0.54  18.70  63.27  16.18  0.00  0.10  98.79 
3BQ27gr15pt2  0.66  18.56  64.36  16.29  0.00  0.01  99.88 
Average:  0.60  18.63  63.82  16.24  0.00  0.05  99.34 
3BQ27gr16pt1  0.72  19.18  63.79  15.95  0.00  0.22  99.86 
3BQ27gr16pt2  0.78  18.78  63.12  16.04  0.02  0.03  98.76 
Average:  0.75  18.98  63.45  16.00  0.01  0.12  99.31 
3BQ27gr17pt1  0.75  18.88  63.19  16.12  0.00  0.01  98.95 
3BQ27gr17pt2  0.54  18.95  62.90  16.54  0.00  0.16  99.10 
Average:  0.65  18.91  63.05  16.33  0.00  0.08  99.02 
3BQ27gr18pt1  0.53  19.00  65.01  16.42  0.00  0.02  100.99 
3BQ27gr18pt2  0.56  19.22  65.30  16.51  0.00  0.03  101.62 
Average:  0.55  19.11  65.16  16.47  0.00  0.02  101.31 
3BQ27gr19pt1  0.72  18.81  64.16  15.78  0.01  0.06  99.54 
3BQ27gr19pt2  0.96  18.81  64.63  16.08  0.00  0.00  100.48 
3BQ27gr19pt3  1.03  19.22  64.57  15.85  0.00  0.08  100.75 
Average:  0.90  18.95  64.45  15.90  0.00  0.05  100.26 
3BQ27gr20pt1  0.59  18.82  64.36  16.39  0.00  0.11  100.26 
3BQ27gr20pt2  0.45  18.98  64.04  16.56  0.00  0.06  100.08 
3BQ27gr20pt3  0.55  18.73  64.03  16.52  0.00  0.18  100.02 
Average:  0.53  18.84  64.14  16.49  0.00  0.12  100.12 
3BQ27gr21pt1  0.67  18.91  63.92  16.09  0.02  0.03  99.64 
3BQ27gr21pt2  0.82  18.91  62.86  15.66  0.02  0.07  98.33 
Average:  0.75  18.91  63.39  15.87  0.02  0.05  98.99 
3BQ27gr22pt1  0.61  19.27  64.29  16.61  0.00  0.04  100.83 
3BQ27gr22pt2  0.74  19.31  64.47  15.95  0.00  0.00  100.47 
3BQ27gr22pt3  0.77  19.11  64.03  16.11  0.00  0.00  100.01 
Average:  0.71  19.23  64.26  16.22  0.00  0.01  100.44 
3BQ27gr23pt1  0.58  18.82  63.59  16.50  0.02  0.03  99.53 
3BQ27gr23pt2  0.59  18.92  63.33  16.47  0.00  0.00  99.31 
Average:  0.58  18.87  63.46  16.48  0.01  0.01  99.42 
3BQ27gr24pt12  0.35  18.91  63.56  16.35  0.00  0.00  99.17 
3BQ27gr24pt2  0.64  18.95  62.98  16.02  0.01  0.12  98.71 
Average:  0.49  18.93  63.27  16.18  0.01  0.06  98.94 
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Appendix E: Feldspar microprobe analyses (cont’d) 
WCK12‐1 (Sandsuck sandstone) cont’d 
Label  Ox%(Na)  Ox%(Al)  Ox%(Si)  Ox%(K)  Ox%(Ca)  Ox%(Fe)  Total 
3BQ27gr25pt2  0.41  19.26  63.41  16.11  0.00  0.03  99.21 
3BQ27gr26pt1  0.77  18.87  63.88  16.10  0.02  0.11  99.76 
3BQ27gr26pt2  0.71  19.09  64.50  15.88  0.02  0.03  100.23 
Average:  0.74  18.98  64.19  15.99  0.02  0.07  100.00 
3BQ27gr27pt1  0.34  18.79  64.28  16.55  0.00  0.27  100.23 
3BQ27gr27pt2  0.32  18.60  63.61  16.78  0.01  0.11  99.44 
Average:  0.33  18.70  63.95  16.67  0.00  0.19  99.83 
3BQ27gr28pt1  0.64  18.92  62.96  16.47  0.00  0.04  99.03 
3BQ27gr28pt2  0.52  18.71  63.26  16.33  0.00  0.00  98.82 
Average:  0.58  18.82  63.11  16.40  0.00  0.02  98.92 
3BQ27gr29pt1  0.58  18.99  63.56  16.25  0.00  0.01  99.38 
3BQ27gr29pt2  0.57  18.90  63.65  16.60  0.00  0.12  99.85 
Average:  0.57  18.95  63.60  16.42  0.00  0.06  99.61 
3BQ27gr30pt1  0.66  18.47  62.83  16.43  0.00  0.01  98.41 
3BQ27gr30pt2  0.67  18.86  63.49  16.10  0.00  0.11  99.22 
Average:  0.66  18.66  63.16  16.26  0.00  0.06  98.81 
3BQ27gr31pt1  0.84  18.79  64.21  16.02  0.00  0.03  99.89 
3BQ27gr31pt2  0.61  19.32  64.35  16.05  0.00  0.19  100.51 
Average:  0.72  19.05  64.28  16.03  0.00  0.11  100.20 
3BQ27gr32pt1  0.69  19.05  65.08  16.08  0.01  0.00  100.90 
3BQ27gr32pt2  0.62  19.02  65.34  16.28  0.00  0.02  101.29 
Average:  0.66  19.03  65.21  16.18  0.00  0.01  101.10 
3BQ27gr33pt1  0.61  18.93  64.61  16.30  0.00  0.13  100.58 
3BQ27gr33pt2  0.79  18.67  64.92  16.02  0.00  0.09  100.49 
Average:  0.70  18.80  64.77  16.16  0.00  0.11  100.54 
3BQ27gr34pt1  1.08  19.09  63.47  15.62  0.03  0.06  99.35 
3BQ27gr34pt2  1.02  18.93  63.61  15.43  0.08  0.09  99.16 
Average:  1.05  19.01  63.54  15.53  0.05  0.08  99.26 
3BQ27gr35pt1  0.65  18.75  64.94  16.12  0.00  0.06  100.52 
3BQ27gr35pt2  0.61  18.92  64.85  16.43  0.03  0.00  100.83 
3BQ27gr35pt3  0.56  19.24  63.84  16.34  0.04  0.00  100.02 
Average:  0.61  18.97  64.55  16.29  0.02  0.02  100.46 
5‐2‐1A (Wilhite conglomerate)  
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ4gr1pt1  10.49  20.56  65.20  0.16  0.74  0.83  97.97 
3BQ4gr1pt2  10.87  21.18  66.01  0.21  0.73  0.13  99.13 
3BQ4gr1pt3  10.59  20.85  67.70  0.26  0.86  0.09  100.34 
Average:  10.65  20.86  66.30  0.21  0.78  0.35  99.15 
3BQ4gr2pt1  11.24  19.67  66.97  0.06  0.00  0.11  98.05 
3BQ4gr2pt2  11.43  20.13  67.75  0.02  0.04  0.00  99.37 
3BQ4gr2pt3  11.66  20.12  68.13  0.05  0.04  0.14  100.14 
Average:  11.44  19.97  67.62  0.04  0.03  0.08  99.19 
3BQ4gr3pt3  11.64  20.05  68.36  0.03  0.01  0.28  100.38 
Average:  11.64  20.05  68.36  0.03  0.01  0.28  100.38 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ4gr4pt2  11.00  19.89  67.68  0.05  0.06  0.41  99.10 
3BQ4gr4pt3  11.14  20.00  66.40  0.04  0.01  0.47  98.05 
Average:  11.09  19.97  66.82  0.06  0.03  0.33  98.30 
3BQ4gr5pt1  11.20  20.57  68.10  0.42  0.06  0.19  100.54 
3BQ4gr5pt2  11.08  20.25  66.79  0.07  0.27  0.24  98.69 
3BQ4gr5pt3  11.11  20.37  66.25  0.06  0.33  0.06  98.17 
Average:  11.13  20.40  67.05  0.18  0.22  0.16  99.13 
3BQ4gr6pt1  11.68  19.61  66.14  0.26  0.02  0.04  97.75 
3BQ4gr6pt2  11.01  19.85  67.65  0.04  0.01  0.14  98.70 
3BQ4gr6pt3  11.33  19.88  67.95  0.03  0.01  0.09  99.28 
Average:  11.34  19.78  67.25  0.11  0.01  0.09  98.58 
3BQ4gr7pt2  11.40  19.82  66.99  0.01  0.00  0.08  98.30 
3BQ4gr7pt1  10.77  19.63  66.08  0.03  0.08  0.84  97.43 
3BQ4gr7pt3  11.30  20.31  66.22  0.01  0.04  0.18  98.05 
Average:  11.16  19.92  66.43  0.02  0.04  0.37  97.93 
3BQ4gr8pt1  10.63  20.55  65.48  0.20  1.05  0.16  98.07 
3BQ4gr8pt2  10.70  21.08  65.65  0.15  0.90  0.10  98.58 
3BQ4gr8pt3  10.49  20.85  66.20  0.23  1.00  0.16  98.94 
Average:  10.61  20.83  65.78  0.19  0.99  0.14  98.53 
3BQ4gr9pt1  11.28  20.31  66.32  0.02  0.04  0.01  97.97 
3BQ4gr9pt2  11.43  20.26  66.57  0.04  0.04  0.06  98.41 
3BQ4gr9pt3  11.47  19.83  67.56  0.00  0.02  0.03  98.90 
Average:  11.39  20.13  66.81  0.02  0.03  0.03  98.43 
3BQ4gr10pt1  11.38  19.92  66.88  0.02  0.03  0.00  98.24 
3BQ4gr10pt2  11.06  19.91  68.46  0.06  0.05  0.00  99.54 
3BQ4gr10pt3  11.30  19.72  67.03  0.00  0.04  0.06  98.16 
Average:  11.25  19.85  67.46  0.03  0.04  0.02  98.64 
3BQ4gr11pt1  11.25  20.07  66.46  0.02  0.14  0.00  97.94 
3BQ4gr11pt2  11.42  20.02  67.67  0.04  0.04  0.07  99.27 
3BQ4gr11pt3  10.95  20.01  67.96  0.04  0.18  0.00  99.14 
Average:  11.21  20.03  67.36  0.03  0.12  0.02  98.78 
3BQ4gr12pt1  11.39  20.27  66.48  0.07  0.03  0.00  98.23 
3BQ4gr12pt2  11.40  20.26  70.41  0.08  0.04  0.06  102.25 
3BQ4gr12pt3  11.17  19.65  65.82  0.07  0.41  0.51  97.64 
Average:  11.32  20.06  67.57  0.07  0.16  0.19  99.37 
3BQ4gr13pt1  11.32  19.90  68.49  0.03  0.02  0.03  99.79 
3BQ4gr13pt2  11.20  20.18  66.97  0.04  0.05  0.02  98.47 
3BQ4gr13pt3  11.62  20.23  68.80  0.01  0.01  0.09  100.75 
Average:  11.38  20.10  68.09  0.03  0.03  0.05  99.67 
3BQ4gr14pt1  11.31  19.83  67.65  0.04  0.04  0.06  98.92 
3BQ4gr14pt2  11.55  20.15  67.86  0.04  0.05  0.09  99.74 
3BQ4gr14pt3  11.30  20.64  66.99  0.37  0.00  0.37  99.67 
Average:  11.38  20.21  67.50  0.15  0.03  0.17  99.44 
 
 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ4gr16pt1  11.19  20.15  68.42  0.06  0.12  0.25  100.19 
3BQ4gr16pt12  11.05  19.75  66.66  0.05  0.08  0.14  97.72 
3BQ4gr16pt13  11.29  20.00  67.17  0.03  0.04  0.13  98.66 
Average:  11.18  19.97  67.42  0.05  0.08  0.17  98.86 
3BQ4gr17pt11  10.70  19.28  64.51  0.02  0.91  0.68  96.09 
3BQ4gr17pt12  10.96  19.81  68.10  0.03  0.12  0.19  99.21 
3BQ4gr17pt13  11.27  20.38  67.60  0.07  0.27  0.30  99.89 
Average:  10.98  19.83  66.74  0.04  0.43  0.39  98.40 
3BQ4gr18pt11  11.58  20.29  67.68  0.04  0.00  0.13  99.72 
3BQ4gr18pt12  11.32  19.93  67.11  0.04  0.05  0.19  98.64 
3BQ4gr18pt13  11.08  20.10  67.30  0.06  0.05  0.32  98.92 
Average:  11.33  20.11  67.36  0.05  0.03  0.21  99.10 
3BQ4gr19pt11  11.48  20.12  68.27  0.04  0.01  0.00  99.91 
3BQ4gr19pt13  11.11  20.16  67.08  0.04  0.08  0.11  98.59 
3BQ4gr19pt12  11.37  19.77  68.84  0.09  0.04  0.03  100.15 
Average:  11.32  20.02  68.06  0.06  0.04  0.05  99.55 
3BQ4gr20pt1  11.12  19.65  66.78  0.01  0.00  0.03  97.59 
3BQ4gr20pt2  11.40  20.51  68.56  0.02  0.03  0.06  100.59 
3BQ4gr20pt3  11.66  20.19  67.04  0.06  0.02  0.04  99.01 
Average:  11.40  20.12  67.46  0.03  0.02  0.04  99.06 
3BQ4gr21pt1  11.32  19.85  67.38  0.04  0.17  0.06  98.82 
3BQ4gr21pt2  10.97  20.17  66.93  0.15  0.23  0.13  98.59 
3BQ4gr21pt3  11.31  20.26  68.31  0.05  0.23  0.17  100.34 
Average:  11.20  20.09  67.54  0.08  0.21  0.12  99.25 
3BQ4gr22pt1  10.96  19.93  66.79  0.02  0.02  0.15  97.87 
3BQ4gr22pt2  11.36  19.97  67.24  0.02  0.03  0.21  98.83 
3BQ4gr22pt3  11.42  20.01  67.92  0.05  0.00  0.13  99.53 
Average:  11.25  19.97  67.31  0.03  0.02  0.16  98.74 
3BQ4gr23pt1  11.10  19.96  67.38  0.03  0.05  0.12  98.63 
3BQ4gr23pt2  11.07  19.99  67.79  0.01  0.11  0.06  99.02 
3BQ4gr23pt3  11.51  20.06  66.95  0.01  0.08  0.01  98.61 
Average:  11.23  20.00  67.37  0.02  0.08  0.06  98.76 
3BQ4gr24pt1  11.20  20.21  68.79  0.09  0.01  0.05  100.36 
3BQ4gr24pt2  11.22  20.10  66.33  0.02  0.03  0.04  97.75 
3BQ4gr24pt3  11.37  20.00  68.46  0.02  0.04  0.00  99.90 
Average:  11.26  20.11  67.86  0.04  0.03  0.03  99.33 
3BQ4gr25pt1  11.36  20.08  67.22  0.02  0.08  0.16  98.92 
3BQ4gr25pt2  11.23  20.22  68.31  0.02  0.04  0.04  99.86 
3BQ4gr25pt3  11.48  19.93  68.83  0.05  0.09  0.00  100.38 
Average:  11.35  20.08  68.12  0.03  0.07  0.07  99.72 
3BQ4gr27pt1  11.23  20.04  66.43  0.02  0.00  0.12  97.84 
3BQ4gr27pt2  11.15  20.02  66.82  0.04  0.01  0.03  98.07 
3BQ4gr27pt3  11.34  20.11  66.76  0.00  0.04  0.01  98.26 
Average:  11.24  20.06  66.67  0.02  0.02  0.05  98.06 
3BQ4gr29pt1  11.53  20.08  66.80  0.01  0.01  0.07  98.51 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ4gr29pt3  11.37  20.13  67.67  0.03  0.04  0.00  99.25 
Average:  11.43  20.02  66.82  0.03  0.03  0.02  98.35 
3BQ4gr30pt1  10.87  20.57  65.55  0.12  0.47  0.21  97.79 
3BQ4gr30pt2  11.22  20.19  67.15  0.11  0.46  0.18  99.30 
3BQ4gr30pt3  10.87  20.24  66.37  0.13  0.37  0.14  98.13 
Average:  10.98  20.33  66.36  0.12  0.44  0.18  98.41 
3BQ4gr31pt1  9.88  21.24  64.30  0.18  2.05  0.14  97.78 
3BQ4gr31pt2  9.87  21.33  64.58  0.18  1.81  0.07  97.83 
3BQ4gr31pt3  10.02  21.60  65.39  0.18  1.88  0.07  99.14 
Average:  9.92  21.39  64.76  0.18  1.91  0.09  98.25 
3BQ4gr32pt1  11.73  19.79  67.64  0.05  0.01  0.09  99.31 
3BQ4gr32pt2  11.26  19.92  67.14  0.03  0.01  0.12  98.48 
3BQ4gr32pt3  10.98  20.02  67.44  0.04  0.17  0.00  98.66 
Average:  11.32  19.91  67.41  0.04  0.06  0.07  98.82 
3BQ4gr33pt1  11.51  19.90  66.90  0.01  0.03  0.00  98.35 
3BQ4gr33pt2  11.16  20.05  66.68  0.03  0.04  0.01  97.97 
3BQ4gr33pt3  11.49  19.98  67.02  0.01  0.03  0.22  98.74 
Average:  11.39  19.98  66.86  0.02  0.03  0.08  98.35 
3BQ4gr34pt1  11.52  19.88  65.87  0.03  0.00  0.02  97.32 
3BQ4gr34pt2  10.79  20.06  67.04  0.06  0.02  0.10  98.06 
3BQ4gr34pt3  11.29  20.26  66.51  0.03  0.03  0.10  98.22 
Average:  11.20  20.07  66.48  0.04  0.02  0.07  97.87 
3BQ4gr35pt1  10.93  20.27  66.57  0.01  0.07  0.04  97.90 
3BQ4gr35pt2  11.01  19.99  65.38  0.07  0.05  0.00  96.50 
3BQ4gr35pt3  11.29  20.13  67.37  0.00  0.07  0.07  98.94 
Average:  11.08  20.13  66.44  0.03  0.07  0.04  97.78 
3BQ4gr36pt1  11.11  19.67  66.91  0.01  0.04  0.00  97.74 
3BQ4gr36pt2  11.12  20.21  67.27  0.04  0.12  0.01  98.77 
3BQ4gr36pt3  11.10  20.16  66.57  0.05  0.08  0.10  98.06 
Average:  11.11  20.02  66.92  0.03  0.08  0.04  98.19 
3BQ4gr37pt1  11.51  20.15  67.94  0.02  0.00  0.07  99.69 
3BQ4gr37pt2  11.25  19.99  67.36  0.02  0.04  0.28  98.94 
3BQ4gr37pt3  11.25  20.03  67.84  0.03  0.04  0.04  99.23 
Average:  11.34  20.06  67.71  0.02  0.03  0.13  99.29 
3BQ4gr38pt1  11.31  20.07  67.16  0.04  0.05  0.12  98.75 
3BQ4gr38pt2  11.21  19.65  67.09  0.07  0.05  0.06  98.13 
3BQ4gr38pt3  11.07  19.98  67.02  0.01  0.03  0.09  98.20 
Average:  11.19  19.90  67.09  0.04  0.05  0.09  98.36 
3BQ4gr39pt1  10.98  19.88  67.18  0.01  0.03  0.12  98.21 
3BQ4gr39pt2  11.06  20.10  67.10  0.04  0.05  0.20  98.56 
Average:  11.02  19.99  67.14  0.03  0.04  0.16  98.39 
3BQ4gr40pt1  11.50  19.95  68.00  0.01  0.04  0.09  99.59 
3BQ4gr40pt2  10.99  19.78  67.03  0.03  0.08  0.26  98.16 
3BQ4gr40pt3  11.13  19.89  67.87  0.03  0.05  0.03  99.01 
Average:  11.21  19.87  67.64  0.02  0.06  0.12  98.92 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ4gr41pt2  11.41  20.05  67.57  0.01  0.02  0.04  99.11 
3BQ4gr41pt3  11.32  19.72  67.72  0.03  0.02  0.14  98.94 
Average:  11.27  19.81  67.50  0.02  0.03  0.07  98.70 
3BQ4gr42pt1  11.32  19.83  67.39  0.03  0.03  0.11  98.71 
3BQ4gr42pt2  11.41  20.04  67.31  0.02  0.01  0.05  98.85 
3BQ4gr42pt3  10.80  18.83  68.43  0.14  0.03  0.11  98.33 
Average:  11.18  19.57  67.71  0.06  0.02  0.09  98.63 
3BQ4gr43pt1  11.13  20.36  67.52  0.17  0.08  0.00  99.26 
3BQ4gr43pt2  11.36  19.75  67.68  0.03  0.00  0.09  98.91 
3BQ4gr43pt3  11.54  20.20  67.67  0.05  0.03  0.03  99.53 
Average:  11.34  20.10  67.63  0.08  0.04  0.04  99.23 
3BQ4gr44pt1  11.33  19.79  66.65  0.05  0.04  0.00  97.86 
3BQ4gr44pt2  11.35  20.22  67.32  0.07  0.07  0.00  99.02 
3BQ4gr44pt3  10.81  20.54  66.53  0.33  0.02  0.05  98.30 
Average:  11.16  20.18  66.83  0.15  0.04  0.02  98.39 
3BQ4gr45pt1  11.24  20.07  68.25  0.04  0.03  0.22  99.85 
3BQ4gr45pt2  11.42  19.52  67.71  0.04  0.02  0.00  98.71 
3BQ4gr45pt3  11.20  20.12  67.72  0.04  0.00  0.09  99.17 
Average:  11.29  19.90  67.89  0.04  0.02  0.10  99.24 
3BQ4gr46pt1  11.39  19.98  67.21  0.03  0.05  0.00  98.65 
3BQ4gr46pt2  11.44  19.89  66.45  0.03  0.06  0.02  97.89 
3BQ4gr46pt3  11.61  20.07  68.00  0.05  0.06  0.04  99.82 
Average:  11.48  19.98  67.22  0.04  0.06  0.02  98.79 
3BQ4gr47pt1  11.34  19.91  66.91  0.04  0.06  0.10  98.36 
3BQ4gr47pt2  11.40  19.85  67.02  0.02  0.05  0.01  98.35 
3BQ4gr47pt3  11.44  19.98  68.30  0.05  0.05  0.15  99.98 
Average:  11.40  19.91  67.41  0.03  0.06  0.09  98.90 
3BQ4gr48pt1  10.94  19.86  66.84  0.02  0.01  0.00  97.68 
3BQ4gr48pt2  10.96  19.78  66.62  0.01  0.04  0.03  97.45 
3BQ4gr48pt3  11.02  20.18  66.79  0.01  0.01  0.10  98.11 
Average:  10.97  19.94  66.75  0.02  0.02  0.04  97.75 
3BQ4gr49pt1  11.21  19.68  66.32  0.03  0.04  0.05  97.33 
3BQ4gr49pt2  11.29  19.98  67.37  0.03  0.01  0.06  98.74 
3BQ4gr49pt3  11.32  19.96  67.51  0.01  0.02  0.02  98.84 
Average:  11.27  19.88  67.07  0.02  0.02  0.04  98.31 
3BQ4gr50pt1  11.22  19.64  66.70  0.08  0.03  0.00  97.67 
3BQ4gr50pt2  11.67  19.93  66.40  0.02  0.04  0.04  98.11 
3BQ4gr50pt3  11.43  19.97  66.69  0.01  0.01  0.00  98.11 
Average:  11.44  19.85  66.60  0.03  0.03  0.01  97.96 
KS12‐4B (Wilhite sandstone)  
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ17gr1pt1  11.15  19.79  67.80  0.07  0.06  0.10  98.97 
3BQ17gr1pt2  11.33  19.65  67.86  0.12  0.01  0.06  99.02 
3BQ17gr1pt3  11.17  19.48  66.22  0.05  0.04  0.50  97.47 
Average:  11.21  19.64  67.29  0.08  0.04  0.22  98.49 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ17gr2pt2  11.40  20.05  67.26  0.05  0.00  0.00  98.76 
3BQ17gr2pt3  11.35  19.93  67.31  0.06  0.03  0.00  98.68 
Average:  11.34  20.03  67.27  0.07  0.02  0.03  98.75 
Carter 5.1 (Wilhite sandstone)  
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ6gr1pt1  1.81  18.61  64.28  14.31  0.01  0.01  99.02 
3BQ6gr1pt2  1.18  18.80  64.19  15.37  0.04  0.10  99.58 
3BQ6gr1pt3  1.34  18.76  64.05  15.22  0.04  0.04  99.40 
Average:  1.44  18.72  64.17  14.96  0.03  0.05  99.33 
3BQ6gr2pt1  2.29  18.90  64.31  13.43  0.07  0.00  98.99 
3BQ6gr2pt2  1.52  18.20  64.29  14.76  0.07  0.00  98.84 
3BQ6gr2pt3  0.42  18.75  63.15  16.54  0.00  0.05  98.87 
Average:  1.41  18.61  63.92  14.91  0.05  0.02  98.90 
3BQ6gr3pt1  0.69  18.77  63.48  15.74  0.00  0.05  98.67 
3BQ6gr3pt2  0.49  18.67  63.46  16.56  0.00  0.00  99.17 
3BQ6gr3pt3  0.50  18.88  63.45  16.23  0.00  0.00  99.07 
Average:  0.56  18.77  63.47  16.18  0.00  0.02  98.97 
3BQ6gr4pt1  0.22  18.57  63.82  16.65  0.00  0.00  99.26 
3BQ6gr4pt2  0.29  18.49  63.80  16.82  0.00  0.00  99.40 
3BQ6gr4pt3  0.22  18.46  63.30  16.76  0.00  0.00  98.73 
Average:  0.24  18.51  63.64  16.74  0.00  0.00  99.13 
3BQ6gr5pt1  0.40  18.59  63.14  16.10  0.00  0.22  98.23 
3BQ6gr5pt2  0.27  18.69  63.75  16.42  0.00  0.17  99.12 
3BQ6gr5pt3  0.23  18.63  63.77  16.78  0.00  0.13  99.41 
Average:  0.30  18.64  63.55  16.43  0.00  0.17  98.92 
3BQ6gr6pt1  0.60  19.10  64.69  15.99  0.00  0.09  100.39 
3BQ6gr6pt2  0.62  18.78  63.18  16.26  0.00  0.04  98.84 
3BQ6gr6pt3  0.61  18.82  63.43  16.03  0.01  0.17  98.90 
Average:  0.61  18.90  63.77  16.10  0.00  0.10  99.37 
3BQ6gr7pt1  0.84  19.01  63.74  15.60  0.03  0.05  99.22 
3BQ6gr7pt2  1.00  19.01  63.84  15.31  0.04  0.00  99.19 
3BQ6gr7pt3  1.51  18.86  64.04  14.96  0.01  0.00  99.38 
Average:  1.12  18.96  63.87  15.29  0.03  0.02  99.26 
3BQ6gr8pt1  4.17  19.05  64.31  10.80  0.00  0.00  98.33 
3BQ6gr8pt2  0.47  18.67  62.62  16.61  0.00  0.00  98.36 
3BQ6gr8pt3  0.43  18.72  63.13  16.58  0.00  0.11  98.86 
Average:  1.69  18.81  63.35  14.66  0.00  0.04  98.52 
3BQ6gr9pt1  1.07  18.65  64.31  15.24  0.02  0.00  99.28 
3BQ6gr9pt2  0.78  18.88  63.71  16.01  0.00  0.09  99.38 
3BQ6gr9pt3  0.33  18.54  63.91  16.55  0.00  0.07  99.33 
Average:  0.73  18.69  63.98  15.93  0.01  0.05  99.33 
3BQ6gr10pt1  2.89  19.02  64.18  13.02  0.00  0.00  99.11 
3BQ6gr10pt2  0.56  18.87  61.41  16.65  0.00  0.04  97.48 
3BQ6gr10pt3  0.96  18.67  63.40  16.06  0.00  0.09  99.09 
Average:  1.47  18.85  63.00  15.24  0.00  0.04  98.56 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ6gr11pt2  0.36  19.02  63.88  16.52  0.00  0.05  99.79 
3BQ6gr11pt3  0.37  18.67  62.74  16.57  0.03  0.07  98.37 
Average:  0.41  18.72  63.09  16.40  0.01  0.09  98.63 
3BQ6gr12pt1  0.46  18.28  63.27  16.34  0.00  0.10  98.36 
3BQ6gr12pt2  0.53  19.33  64.03  16.54  0.00  0.05  100.43 
3BQ6gr12pt3  0.71  18.69  64.76  16.40  0.00  0.00  100.57 
Average:  0.57  18.77  64.02  16.43  0.00  0.05  99.79 
3BQ6gr13pt1  0.47  18.47  64.46  16.29  0.00  0.07  99.68 
3BQ6gr13pt2  0.67  18.34  63.50  16.16  0.00  0.07  98.67 
3BQ6gr13pt3  0.26  18.88  64.52  16.35  0.00  0.07  100.01 
Average:  0.47  18.56  64.16  16.26  0.00  0.07  99.46 
3BQ6gr14pt1  0.24  18.81  62.78  16.65  0.00  0.10  98.49 
3BQ6gr14pt2  0.64  18.73  62.07  16.04  0.00  0.12  97.49 
3BQ6gr14pt3  0.35  18.84  63.35  16.50  0.06  0.07  99.10 
Average:  0.41  18.79  62.73  16.40  0.02  0.10  98.36 
3BQ6gr15pt1  0.61  19.05  63.86  16.40  0.00  0.00  99.92 
3BQ6gr15pt2  0.64  19.04  64.75  16.29  0.00  0.00  100.73 
3BQ6gr15pt3  0.57  18.52  64.39  16.23  0.02  0.00  99.73 
Average:  0.61  18.87  64.34  16.30  0.01  0.00  100.13 
3BQ6gr16pt1  1.31  18.87  64.25  15.00  0.04  0.11  99.47 
3BQ6gr16pt2  0.69  18.91  63.70  16.08  0.06  0.02  99.44 
3BQ6gr16pt3  0.71  19.27  64.02  15.85  0.04  0.00  99.89 
Average:  0.90  19.02  63.99  15.65  0.04  0.04  99.60 
3BQ6gr17pt1  0.59  18.70  63.92  16.03  0.02  0.10  99.27 
3BQ6gr17pt2  0.78  19.03  63.90  16.19  0.00  0.00  99.89 
3BQ6gr17pt3  0.48  18.49  63.37  15.97  0.02  0.00  98.32 
Average:  0.62  18.74  63.73  16.06  0.01  0.03  99.16 
3BQ6gr18pt1  0.50  18.77  64.14  16.32  0.00  0.14  99.72 
3BQ6gr18pt2  0.63  18.83  64.02  16.16  0.00  0.04  99.65 
3BQ6gr18pt3  0.80  18.54  64.24  15.71  0.00  0.00  99.28 
Average:  0.64  18.71  64.13  16.06  0.00  0.06  99.55 
3BQ6gr19pt1  0.57  19.03  63.08  16.32  0.00  0.00  98.99 
3BQ6gr19pt2  0.56  18.75  63.91  16.13  0.00  0.05  99.35 
3BQ6gr19pt3  0.58  18.89  63.59  16.29  0.00  0.02  99.36 
Average:  0.57  18.89  63.53  16.25  0.00  0.02  99.23 
3BQ6gr20pt1  0.57  18.65  62.54  16.29  0.00  0.00  98.05 
3BQ6gr20pt2  0.73  18.94  63.03  16.07  0.07  0.08  98.84 
3BQ6gr20pt3  0.73  18.62  62.64  16.15  0.04  0.11  98.18 
Average:  0.68  18.74  62.74  16.17  0.04  0.06  98.35 
3BQ6gr21pt1  0.54  18.43  64.33  16.14  0.00  0.00  99.44 
3BQ6gr21pt2  0.30  18.38  63.14  16.53  0.00  0.13  98.35 
3BQ6gr21pt3  0.59  18.41  63.43  15.96  0.00  0.05  98.39 
Average:  0.48  18.41  63.63  16.21  0.00  0.06  98.73 
3BQ6gr22pt1  0.68  18.32  62.90  16.08  0.00  0.04  97.98 
3BQ6gr22pt2  0.86  18.94  64.28  16.17  0.00  0.12  100.24 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ6gr22pt3  0.65  18.71  64.20  16.18  0.00  0.20  99.74 
Average:  0.73  18.66  63.79  16.14  0.00  0.12  99.32 
3BQ6gr23pt1  1.05  18.48  63.62  15.10  0.06  0.12  98.30 
3BQ6gr23pt2  0.67  18.78  63.97  16.26  0.03  0.00  99.71 
3BQ6gr23pt3  0.63  19.02  64.14  16.09  0.00  0.09  99.87 
Average:  0.79  18.76  63.91  15.81  0.03  0.07  99.30 
3BQ6gr24pt1  0.36  18.32  63.51  16.54  0.00  0.13  98.73 
3BQ6gr24pt2  0.22  18.61  63.38  16.52  0.00  0.26  98.73 
3BQ6gr24pt3  0.52  18.39  63.72  16.50  0.00  0.12  99.12 
Average:  0.36  18.44  63.54  16.52  0.00  0.17  98.86 
3BQ6gr25pt1  0.68  19.19  64.11  15.88  0.00  0.10  99.86 
3BQ6gr25pt2  0.66  18.63  64.31  15.96  0.00  0.00  99.57 
3BQ6gr25pt3  0.72  18.67  64.03  16.09  0.00  0.01  99.50 
Average:  0.69  18.83  64.15  15.98  0.00  0.03  99.64 
3BQ6gr26pt1  0.83  18.88  63.56  15.89  0.02  0.00  99.17 
3BQ6gr26pt2  0.69  18.80  63.18  15.81  0.01  0.09  98.48 
3BQ6gr26pt3  0.55  18.89  64.38  15.82  0.03  0.00  99.67 
Average:  0.69  18.86  63.70  15.84  0.02  0.03  99.11 
3BQ6gr27pt1  0.62  18.90  63.59  15.94  0.00  0.02  99.05 
3BQ6gr27pt2  0.64  18.76  63.67  16.18  0.00  0.10  99.25 
3BQ6gr27pt3  0.82  19.00  63.73  15.85  0.02  0.00  99.41 
Average:  0.69  18.88  63.66  15.99  0.01  0.04  99.24 
3BQ6gr28pt1  0.29  18.37  63.64  16.55  0.00  0.13  98.85 
3BQ6gr28pt2  0.21  18.28  63.23  16.66  0.00  0.09  98.38 
3BQ6gr28pt3  0.25  18.33  63.51  16.54  0.00  0.02  98.63 
Average:  0.25  18.33  63.46  16.58  0.00  0.08  98.62 
3BQ6gr29pt1  0.43  19.51  61.73  16.06  0.00  0.20  97.73 
3BQ6gr29pt2  0.47  18.96  62.33  16.09  0.00  0.02  97.85 
3BQ6gr29pt3  0.39  19.20  62.73  16.23  0.03  0.09  98.57 
Average:  0.43  19.22  62.26  16.13  0.01  0.10  98.05 
3BQ6gr30pt1  0.19  18.34  63.26  17.02  0.00  0.00  98.81 
3BQ6gr30pt2  0.26  18.23  63.44  16.67  0.00  0.01  98.61 
3BQ6gr30pt3  0.24  18.73  63.81  16.86  0.00  0.01  99.64 
Average:  0.23  18.43  63.50  16.85  0.00  0.01  99.02 
3BQ6gr31pt1  0.29  18.55  63.36  16.92  0.00  0.01  99.13 
3BQ6gr31pt2  0.30  18.74  63.95  16.59  0.02  0.13  99.59 
3BQ6gr31pt3  0.30  18.69  63.28  16.71  0.00  0.00  98.99 
Average:  0.30  18.66  63.53  16.74  0.01  0.05  99.24 
3BQ6gr32pt1  0.21  18.34  63.42  16.83  0.00  0.46  98.80 
3BQ6gr32pt2  0.20  18.36  63.70  16.67  0.00  0.50  98.92 
3BQ6gr32pt3  0.26  18.35  64.33  16.74  0.00  0.44  99.68 
Average:  0.22  18.35  63.82  16.74  0.00  0.46  99.13 
3BQ6gr33pt1  0.72  18.58  62.99  15.92  0.00  0.00  98.21 
3BQ6gr33pt2  1.30  18.82  64.00  15.71  0.00  0.10  99.82 
3BQ6gr33pt3  0.91  18.62  62.59  15.91  0.03  0.09  98.05 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ6gr34pt1  0.42  18.29  64.51  16.32  0.00  0.00  99.54 
3BQ6gr34pt2  0.29  18.72  64.13  16.65  0.00  0.01  99.78 
3BQ6gr34pt3  0.30  18.21  63.32  16.78  0.00  0.00  98.61 
Average:  0.33  18.40  63.99  16.58  0.00  0.00  99.31 
3BQ6gr35pt1  0.72  18.73  62.70  15.97  0.00  0.04  98.12 
3BQ6gr35pt2  0.77  18.81  64.17  16.11  0.00  0.00  99.85 
3BQ6gr35pt3  0.79  18.54  63.62  16.20  0.01  0.03  99.17 
Average:  0.76  18.69  63.50  16.09  0.00  0.02  99.05 
3BQ6gr36pt1  0.86  18.85  63.38  15.42  0.00  0.02  98.51 
3BQ6gr36pt2  0.43  18.43  63.45  16.16  0.00  0.00  98.46 
3BQ6gr36pt3  0.45  19.01  63.84  16.23  0.00  0.08  99.54 
Average:  0.58  18.76  63.55  15.94  0.00  0.03  98.83 
3BQ6gr37pt1  0.50  18.52  63.29  15.96  0.00  0.13  98.28 
3BQ6gr37pt2  1.80  18.78  63.19  14.25  0.01  0.00  98.03 
3BQ6gr37pt3  0.61  18.74  64.04  16.06  0.00  0.04  99.46 
Average:  0.97  18.68  63.51  15.43  0.00  0.06  98.59 
3BQ6gr38pt1  0.56  18.92  64.36  15.85  0.00  0.07  99.68 
3BQ6gr38pt2  0.44  18.23  63.20  16.25  0.00  0.06  98.11 
3BQ6gr38pt3  0.41  18.66  63.35  16.21  0.04  0.00  98.67 
Average:  0.47  18.60  63.64  16.10  0.01  0.04  98.82 
3BQ6gr39pt1  0.82  18.88  62.89  15.63  0.04  0.00  98.25 
3BQ6gr39pt2  2.50  19.02  63.85  13.24  0.04  0.04  98.65 
3BQ6gr39pt3  0.73  19.03  63.12  15.59  0.03  0.09  98.49 
Average:  1.35  18.98  63.28  14.82  0.04  0.04  98.47 
3BQ6gr40pt1  0.32  18.52  64.00  16.37  0.00  0.12  99.22 
3BQ6gr40pt2  0.32  18.79  62.65  16.29  0.00  0.10  98.05 
3BQ6gr40pt3  0.41  18.88  63.80  16.59  0.00  0.15  99.69 
Average:  0.35  18.73  63.49  16.42  0.00  0.12  98.99 
3BQ6gr41pt1  1.60  18.51  64.16  14.85  0.04  0.11  99.16 
3BQ6gr41pt2  2.58  19.32  65.18  13.25  0.04  0.26  100.36 
3BQ6gr41pt3  0.94  19.30  63.43  15.58  0.04  0.06  99.28 
Average:  1.71  19.04  64.26  14.56  0.04  0.14  99.60 
3BQ6gr42pt1  0.67  18.59  63.37  16.24  0.00  0.00  98.87 
3BQ6gr42pt2  0.44  18.56  63.20  16.43  0.00  0.05  98.63 
3BQ6gr42pt3  0.24  18.57  63.56  16.53  0.00  0.02  98.90 
Average:  0.45  18.57  63.38  16.40  0.00  0.02  98.80 
3BQ6gr43pt1  11.40  19.60  67.10  0.03  0.02  0.00  98.16 
3BQ6gr43pt2  11.29  19.80  67.68  0.08  0.02  0.00  98.87 
3BQ6gr43pt3  11.23  19.86  67.68  0.04  0.05  0.00  98.85 
Average:  11.31  19.75  67.49  0.05  0.03  0.00  98.63 
3BQ6gr44pt1  0.25  18.77  62.95  16.93  0.00  0.06  98.89 
3BQ6gr44pt2  0.32  18.57  63.42  16.43  0.00  0.10  98.74 
3BQ6gr44pt3  0.34  18.64  63.88  16.67  0.00  0.13  99.53 
Average:  0.30  18.66  63.42  16.67  0.00  0.10  99.05 
3BQ6gr45pt1  0.75  18.72  63.56  15.75  0.00  0.00  98.78 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ6gr45pt3  0.83  19.20  63.72  16.03  0.00  0.11  99.78 
Average:  0.80  18.86  63.74  15.74  0.00  0.05  99.14 
3BQ6gr46pt1  0.43  18.92  63.17  16.18  0.00  0.08  98.70 
3BQ6gr46pt2  0.50  18.32  63.12  16.39  0.03  0.18  98.36 
3BQ6gr46pt3  0.63  18.74  63.57  16.08  0.00  0.01  99.01 
Average:  0.52  18.66  63.29  16.22  0.01  0.09  98.69 
3BQ6gr47pt1  0.76  18.60  63.24  16.01  0.07  0.00  98.68 
3BQ6gr47pt2  0.67  18.77  63.76  16.27  0.03  0.02  99.50 
3BQ6gr47pt3  0.52  19.06  62.54  16.19  0.00  0.00  98.30 
Average:  0.65  18.81  63.18  16.16  0.03  0.01  98.83 
3BQ6gr48pt1  0.24  18.77  62.96  16.46  0.00  0.09  98.42 
3BQ6gr48pt2  0.26  18.74  64.35  16.44  0.00  0.20  99.80 
3BQ6gr48pt3  0.33  18.79  63.45  16.28  0.00  0.04  98.85 
Average:  0.27  18.77  63.59  16.39  0.00  0.11  99.02 
3BQ6gr49pt1  0.64  18.36  63.30  15.89  0.01  0.07  98.21 
3BQ6gr49pt2  2.73  18.51  65.01  13.31  0.00  0.14  99.56 
3BQ6gr49pt3  0.25  18.54  63.47  16.40  0.02  0.02  98.68 
Average:  1.21  18.47  63.93  15.20  0.01  0.08  98.82 
3BQ6gr50pt1  0.48  18.13  63.09  16.28  0.00  0.04  97.97 
3BQ6gr50pt2  0.43  18.13  62.88  16.05  0.00  0.05  97.48 
3BQ6gr50pt3  0.52  18.33  63.81  16.60  0.00  0.23  99.26 
Average:  0.47  18.20  63.26  16.31  0.00  0.11  98.24 
3BQ6gr51pt1  0.26  18.36  63.14  16.57  0.00  0.51  98.33 
3BQ6gr51pt2  0.28  18.42  63.09  16.88  0.00  0.26  98.67 
3BQ6gr51pt3  0.38  18.81  63.35  16.45  0.00  0.10  98.99 
Average:  0.31  18.53  63.19  16.63  0.00  0.29  98.66 
3BQ6gr52pt1  0.86  18.77  63.41  15.96  0.02  0.08  99.02 
3BQ6gr52pt2  1.49  18.82  63.03  14.93  0.00  0.09  98.27 
3BQ6gr52pt3  1.62  18.73  62.96  14.64  0.07  0.03  98.01 
Average:  1.32  18.77  63.13  15.18  0.03  0.07  98.43 
3BQ6gr53pt1  0.43  18.67  63.82  16.35  0.01  0.00  99.29 
3BQ6gr53pt2  0.33  18.86  63.23  16.56  0.00  0.12  98.98 
3BQ6gr53pt3  0.31  18.33  63.13  16.84  0.00  0.00  98.62 
Average:  0.36  18.62  63.40  16.58  0.00  0.04  98.96 
3BQ6gr54pt1  0.34  18.81  63.51  16.41  0.00  0.02  99.08 
3BQ6gr54pt2  0.81  19.06  63.52  15.92  0.00  0.04  99.31 
3BQ6gr54pt3  0.41  18.72  64.29  16.47  0.00  0.02  99.89 
Average:  0.52  18.86  63.77  16.27  0.00  0.03  99.43 
3BQ6gr55pt1  0.80  18.96  62.86  16.06  0.00  0.00  98.67 
3BQ6gr55pt2  0.98  18.59  63.19  15.89  0.00  0.00  98.65 
3BQ6gr55pt3  0.92  18.74  63.58  15.89  0.00  0.00  99.13 
Average:  0.90  18.76  63.21  15.95  0.00  0.00  98.82 
3BQ6gr56pt1  0.32  18.34  63.17  16.48  0.02  0.00  98.33 
3BQ6gr56pt2  0.69  18.86  63.58  16.00  0.00  0.00  99.13 
3BQ6gr56pt3  0.67  18.76  64.02  16.14  0.00  0.10  99.59 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ6gr57pt1  0.62  18.86  63.56  16.10  0.00  0.08  99.15 
3BQ6gr57pt2  0.78  18.56  62.82  16.06  0.00  0.07  98.22 
3BQ6gr57pt3  0.24  18.87  63.82  16.91  0.00  0.01  99.84 
Average:  0.55  18.77  63.40  16.36  0.00  0.05  99.07 
3BQ6gr58pt1  0.46  18.59  64.17  16.59  0.00  0.05  99.81 
3BQ6gr58pt2  0.63  18.78  63.01  15.91  0.03  0.00  98.35 
3BQ6gr58pt3  0.58  18.64  63.51  16.32  0.00  0.06  99.04 
Average:  0.56  18.67  63.56  16.27  0.01  0.04  99.07 
3BQ6gr59pt1  0.57  18.58  63.33  16.34  0.00  0.05  98.83 
3BQ6gr59pt2  0.76  18.39  63.03  16.03  0.02  0.00  98.22 
3BQ6gr59pt3  0.78  18.84  63.08  16.14  0.02  0.04  98.85 
Average:  0.71  18.60  63.15  16.17  0.01  0.03  98.63 
3BQ6gr60pt1  0.54  18.54  63.74  16.12  0.02  0.10  98.97 
3BQ6gr60pt2  0.69  18.51  62.68  16.23  0.05  0.00  98.16 
3BQ6gr60pt3  0.57  18.55  63.04  16.33  0.01  0.10  98.50 
Average:  0.60  18.54  63.15  16.23  0.02  0.07  98.54 
CW12‐1 Wilhite conglomerate)   
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ8gr1pt1  11.14  19.70  66.18  0.07  0.02  0.08  97.21 
3BQ8gr1pt2  11.53  19.01  67.30  0.05  0.00  0.07  97.96 
Average:  11.34  19.36  66.74  0.06  0.01  0.07  97.58 
3BQ8gr2pt1  11.36  19.62  68.36  0.06  0.01  0.04  99.44 
3BQ8gr2pt2  11.24  19.98  67.60  0.13  0.05  0.00  99.01 
Average:  11.30  19.80  67.98  0.10  0.03  0.02  99.22 
3BQ8gr3pt1  11.17  19.84  66.99  0.03  0.01  0.01  98.05 
3BQ8gr3pt2  11.31  19.56  66.59  0.06  0.03  0.05  97.60 
Average:  11.24  19.70  66.79  0.04  0.02  0.03  97.82 
3BQ8gr4pt1  11.18  19.74  65.32  0.09  0.44  0.17  96.95 
3BQ8gr4pt2  10.70  20.19  64.51  0.10  0.86  0.00  96.35 
Average:  10.94  19.96  64.92  0.10  0.65  0.08  96.65 
3BQ8gr5pt1  10.77  20.01  65.89  0.38  0.16  0.00  97.21 
3BQ8gr5pt2  10.80  20.22  64.97  0.45  0.07  0.00  96.51 
Average:  10.78  20.11  65.43  0.42  0.12  0.00  96.86 
3BQ8gr6pt1  11.07  19.85  67.28  0.17  0.11  0.12  98.59 
3BQ8gr6pt2  11.22  19.37  67.63  0.02  0.04  0.08  98.37 
Average:  11.15  19.61  67.45  0.09  0.08  0.10  98.48 
3BQ8gr7pt1  11.24  19.64  67.42  0.09  0.03  0.14  98.56 
3BQ8gr7pt2  11.40  19.65  66.49  0.05  0.04  0.08  97.72 
Average:  11.32  19.65  66.96  0.07  0.04  0.11  98.14 
3BQ8gr8pt1  11.02  19.92  66.38  0.16  0.02  0.00  97.49 
3BQ8gr8pt2  11.98  19.96  67.12  0.05  0.00  0.00  99.10 
Average:  11.50  19.94  66.75  0.10  0.01  0.00  98.30 
3BQ8gr9pt1  11.53  19.73  67.06  0.05  0.06  0.14  98.57 
3BQ8gr9pt2  11.56  19.55  67.09  0.04  0.04  0.14  98.42 
Average:  11.54  19.64  67.07  0.04  0.05  0.14  98.50 
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Appendix E: Feldspar microprobe analyses (cont’d) 
CW12‐1 (Wilhite conglomerate) cont’d  
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ8gr10pt1  11.00  20.49  65.56  0.31  0.80  0.00  98.16 
3BQ8gr10pt2  10.46  19.92  65.57  0.30  0.77  0.10  97.11 
Average:  10.73  20.20  65.56  0.30  0.78  0.05  97.64 
3BQ8gr11pt1  11.40  19.90  67.05  0.07  0.03  0.23  98.68 
3BQ8gr11pt2  11.10  19.76  67.12  0.03  0.03  0.32  98.37 
Average:  11.25  19.83  67.09  0.05  0.03  0.28  98.53 
3BQ8gr12pt1  11.31  19.24  68.32  0.04  0.03  0.02  98.96 
3BQ8gr12pt2  11.59  19.64  66.75  0.04  0.02  0.05  98.08 
Average:  11.45  19.44  67.53  0.04  0.02  0.04  98.52 
3BQ8gr13pt1  11.43  19.89  68.47  0.06  0.00  0.03  99.89 
3BQ8gr13pt2  11.06  19.35  66.69  0.06  0.04  0.20  97.41 
Average:  11.24  19.62  67.58  0.06  0.02  0.12  98.65 
3BQ8gr14pt1  11.49  20.13  67.61  0.04  0.02  0.12  99.41 
3BQ8gr14pt2  10.77  20.08  66.60  0.23  0.22  0.00  97.90 
Average:  11.13  20.10  67.11  0.14  0.12  0.06  98.65 
3BQ8gr15pt1  11.28  19.40  66.67  0.05  0.01  0.01  97.41 
3BQ8gr15pt2  11.60  19.66  66.58  0.06  0.03  0.07  97.99 
Average:  11.44  19.53  66.62  0.05  0.02  0.04  97.70 
3BQ8gr16pt1  11.38  19.38  67.98  0.03  0.02  0.07  98.85 
3BQ8gr16pt2  10.88  19.20  66.64  0.03  0.05  0.02  96.82 
Average:  11.13  19.29  67.31  0.03  0.03  0.05  97.84 
3BQ8gr17pt1  11.36  19.78  68.39  0.00  0.02  0.09  99.65 
3BQ8gr17pt2  11.30  19.26  66.09  0.04  0.06  0.04  96.79 
Average:  11.33  19.52  67.24  0.02  0.04  0.07  98.22 
3BQ8gr18pt1  11.53  19.52  67.14  0.08  0.00  0.14  98.42 
3BQ8gr18pt2  11.39  19.65  67.66  0.06  0.00  0.24  99.01 
Average:  11.46  19.59  67.40  0.07  0.00  0.19  98.71 
3BQ8gr19pt1  11.04  19.59  66.47  0.11  0.34  0.05  97.61 
3BQ8gr19pt2  11.06  19.67  65.66  0.08  0.28  0.00  96.75 
Average:  11.05  19.63  66.06  0.09  0.31  0.03  97.18 
3BQ8gr20pt1  11.38  18.96  66.47  0.08  0.03  0.37  97.29 
3BQ8gr20pt2  11.36  19.27  67.43  0.13  0.04  0.37  98.59 
Average:  11.37  19.11  66.95  0.10  0.04  0.37  97.94 
3BQ8gr21pt1  11.49  19.45  68.08  0.01  0.03  0.26  99.33 
3BQ8gr21pt2  11.48  19.53  67.61  0.03  0.00  0.00  98.66 
Average:  11.49  19.49  67.85  0.02  0.01  0.13  98.99 
3BQ8gr22pt1  10.22  21.21  65.68  0.22  1.47  0.01  98.82 
3BQ8gr22pt2  10.12  21.21  65.20  0.24  1.29  0.03  98.08 
Average:  10.17  21.21  65.44  0.23  1.38  0.02  98.45 
3BQ8gr23pt1  11.69  19.87  66.92  0.02  0.00  0.08  98.58 
3BQ8gr23pt2  11.23  19.72  67.11  0.06  0.00  0.05  98.16 
Average:  11.46  19.80  67.02  0.04  0.00  0.06  98.37 
3BQ8gr24pt1  11.40  19.44  67.30  0.02  0.00  0.05  98.20 
3BQ8gr24pt2  11.11  19.81  67.81  0.03  0.00  0.00  98.76 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ8gr25pt1  10.41  20.74  65.06  0.18  1.32  0.05  97.76 
3BQ8gr25pt2  10.07  20.61  65.11  0.23  1.37  0.08  97.46 
Average:  10.24  20.68  65.09  0.20  1.34  0.06  97.61 
3BQ8gr26pt1  11.36  19.57  66.06  0.04  0.02  0.07  97.11 
3BQ8gr26pt2  11.29  19.46  66.15  0.03  0.03  0.00  96.97 
Average:  11.33  19.52  66.10  0.03  0.02  0.03  97.04 
3BQ8gr27pt1  11.47  19.88  67.28  0.05  0.01  0.00  98.70 
3BQ8gr27pt2  11.33  19.57  66.67  0.03  0.00  0.00  97.60 
Average:  11.40  19.73  66.98  0.04  0.00  0.00  98.15 
PF12‐1 (Shields sandstone)  
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ19gr1pt1  11.57  19.58  67.22  0.07  0.02  0.00  98.46 
3BQ19gr1pt2  11.39  19.69  65.77  0.04  0.01  0.16  97.06 
Average:  11.48  19.64  66.50  0.06  0.01  0.08  97.76 
3BQ19gr2pt1  11.76  19.65  68.17  0.04  0.06  0.38  100.06 
3BQ19gr2pt2  11.64  19.46  68.39  0.04  0.04  0.09  99.67 
Average:  11.70  19.56  68.28  0.04  0.05  0.24  99.87 
3BQ19gr3pt1  11.22  19.53  68.21  0.02  0.00  0.00  98.98 
3BQ19gr3pt2  11.55  19.43  67.74  0.04  0.02  0.00  98.78 
Average:  11.39  19.48  67.97  0.03  0.01  0.00  98.88 
3BQ19gr4pt1  11.48  19.73  67.19  0.03  0.02  0.05  98.48 
3BQ19gr4pt2  11.38  19.95  66.61  0.01  0.00  0.10  98.05 
Average:  11.43  19.84  66.90  0.02  0.01  0.07  98.27 
3BQ19gr5pt1  11.00  19.71  67.78  0.06  0.04  0.19  98.79 
3BQ19gr5pt2  11.04  19.61  66.98  0.02  0.01  0.11  97.77 
Average:  11.02  19.66  67.38  0.04  0.02  0.15  98.28 
3BQ19gr6pt1  11.36  19.90  68.28  0.02  0.01  0.06  99.62 
3BQ19gr6pt2  11.14  19.41  65.36  0.01  0.03  0.00  95.96 
Average:  11.25  19.66  66.82  0.02  0.02  0.03  97.79 
3BQ19gr7pt1  11.57  19.26  66.83  0.06  0.02  0.09  97.83 
3BQ19gr7pt2  11.33  19.32  65.76  0.03  0.02  0.00  96.45 
Average:  11.45  19.29  66.29  0.04  0.02  0.05  97.14 
3BQ19gr8pt1  11.38  19.77  67.64  0.06  0.00  0.01  98.86 
3BQ19gr8pt2  11.73  19.49  66.24  0.03  0.01  0.06  97.56 
Average:  11.56  19.63  66.94  0.05  0.00  0.03  98.21 
3BQ19gr9pt1  11.56  19.35  66.43  0.00  0.01  0.16  97.52 
3BQ19gr9pt2  11.53  19.71  68.39  0.02  0.00  0.17  99.82 
Average:  11.54  19.53  67.41  0.01  0.01  0.16  98.67 
3BQ19gr10pt1  11.37  19.51  67.64  0.05  0.03  0.00  98.60 
3BQ19gr10pt2  11.28  19.93  68.11  0.06  0.00  0.02  99.39 
Average:  11.33  19.72  67.87  0.05  0.01  0.01  98.99 
3BQ19gr11pt1  11.00  19.97  69.02  0.03  0.01  0.10  100.11 
3BQ19gr11pt2  11.28  19.72  66.96  0.30  0.01  0.04  98.30 
Average:  11.14  19.85  67.99  0.16  0.01  0.07  99.21 
3BQ19gr12pt1  11.84  19.53  66.05  0.06  0.02  0.01  97.52 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ19gr12pt2  11.36  19.54  68.39  0.02  0.00  0.00  99.31 
Average:  11.60  19.54  67.22  0.04  0.01  0.01  98.41 
3BQ19gr13pt1  11.09  19.46  67.09  0.03  0.01  0.09  97.76 
3BQ19gr13pt2  11.32  19.38  68.43  0.06  0.03  0.16  99.37 
Average:  11.20  19.42  67.76  0.04  0.02  0.12  98.57 
FL7 (Wilhite sandstone)                   
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ10gr1pt1  11.09  20.92  65.56  0.32  0.40  0.01  98.28 
Average:  11.09  20.92  65.56  0.32  0.40  0.01  98.28 
3BQ10gr2pt1  11.00  20.24  66.29  0.05  0.06  0.13  97.76 
3BQ10gr2pt2  11.04  19.51  67.46  0.05  0.04  0.06  98.16 
3BQ10gr2pt3  11.02  19.80  66.88  0.03  0.01  0.04  97.78 
Average:  11.02  19.85  66.88  0.04  0.04  0.07  97.90 
3BQ10gr3pt1  11.24  19.49  66.91  0.05  0.07  0.00  97.77 
3BQ10gr3pt2  11.27  19.97  65.88  0.11  0.05  0.10  97.37 
3BQ10gr3pt3  11.46  19.97  66.72  0.08  0.05  0.15  98.43 
Average:  11.32  19.81  66.51  0.08  0.06  0.08  97.86 
3BQ10gr4pt1  11.20  19.81  68.18  0.02  0.00  0.08  99.29 
3BQ10gr4pt2  11.80  19.97  68.05  0.04  0.00  0.07  99.92 
3BQ10gr4pt3  11.29  19.89  67.91  0.05  0.00  0.01  99.15 
Average:  11.43  19.89  68.05  0.04  0.00  0.05  99.45 
3BQ10gr5pt1  11.10  19.67  67.31  0.03  0.01  0.02  98.14 
3BQ10gr5pt2  11.03  19.45  67.75  0.05  0.03  0.07  98.38 
3BQ10gr5pt3  11.13  20.19  67.22  0.14  0.02  0.10  98.81 
Average:  11.09  19.77  67.43  0.07  0.02  0.07  98.44 
3BQ10gr6pt1  9.88  21.67  64.82  0.10  1.23  0.13  97.83 
3BQ10gr6pt2  10.40  20.20  66.05  0.07  0.75  0.30  97.76 
3BQ10gr6pt3  9.83  21.47  64.79  0.10  1.47  0.11  97.77 
Average:  10.04  21.11  65.22  0.09  1.15  0.18  97.79 
3BQ10gr7pt1  10.01  21.66  65.18  0.12  1.85  0.02  98.84 
3BQ10gr7pt2  10.37  22.11  63.91  0.09  2.37  0.13  98.98 
3BQ10gr7pt3  9.75  21.81  64.34  0.06  2.85  0.12  98.92 
Average:  10.04  21.86  64.48  0.09  2.36  0.09  98.91 
3BQ10gr8pt1  10.96  19.82  67.30  0.10  0.00  0.01  98.20 
3BQ10gr8pt2  11.11  19.60  67.59  0.05  0.04  0.00  98.40 
3BQ10gr8pt3  11.32  19.94  65.91  0.04  0.01  0.13  97.35 
Average:  11.13  19.79  66.94  0.07  0.02  0.05  97.99 
3BQ10gr9pt1  11.08  19.77  66.98  0.05  0.01  0.01  97.90 
3BQ10gr9pt2  11.25  19.89  66.07  0.06  0.00  0.05  97.33 
3BQ10gr9pt3  11.04  19.95  66.11  0.07  0.03  0.04  97.25 
Average:  11.12  19.87  66.39  0.06  0.01  0.03  97.49 
3BQ10gr10pt1  11.24  19.64  65.80  0.05  0.00  0.04  96.77 
3BQ10gr10pt2  11.35  19.95  67.01  0.04  0.04  0.00  98.38 
3BQ10gr10pt3  11.11  20.41  67.27  0.07  0.04  0.09  98.99 
Average:  11.23  20.00  66.69  0.05  0.03  0.04  98.04 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ10gr11pt2  11.04  20.12  67.42  0.11  0.05  0.00  98.74 
3BQ10gr11pt3  11.50  20.04  66.70  0.13  0.02  0.38  98.78 
Average:  11.29  20.05  67.16  0.09  0.03  0.13  98.74 
3BQ10gr12pt1  11.08  20.20  65.77  0.05  0.03  0.03  97.16 
3BQ10gr12pt2  11.28  19.88  67.42  0.05  0.06  0.02  98.71 
3BQ10gr12pt3  11.45  19.89  68.04  0.03  0.00  0.02  99.44 
Average:  11.27  19.99  67.08  0.04  0.03  0.03  98.44 
3BQ10gr13pt1  11.20  19.97  66.99  0.07  0.01  0.13  98.37 
3BQ10gr13pt2  11.49  20.32  66.60  0.04  0.06  0.03  98.54 
3BQ10gr13pt3  11.38  19.70  67.65  0.05  0.06  0.01  98.84 
Average:  11.36  20.00  67.08  0.05  0.04  0.06  98.58 
3BQ10gr14pt1  11.00  19.49  66.02  0.01  0.03  0.08  96.64 
3BQ10gr14pt2  11.01  20.01  67.45  0.04  0.04  0.01  98.55 
3BQ10gr14pt3  11.33  19.77  66.44  0.04  0.00  0.06  97.63 
Average:  11.11  19.76  66.64  0.03  0.02  0.05  97.61 
3BQ10gr15pt1  11.13  19.74  65.87  0.05  0.06  0.07  96.92 
3BQ10gr15pt2  11.14  19.86  66.10  0.00  0.02  0.03  97.16 
3BQ10gr15pt3  11.14  19.03  66.96  0.02  0.03  0.10  97.28 
Average:  11.14  19.54  66.31  0.02  0.04  0.07  97.12 
3BQ10gr16pt1  11.13  20.00  64.63  0.05  0.03  0.08  95.91 
3BQ10gr16pt2  11.19  19.83  65.41  0.00  0.03  0.06  96.51 
3BQ10gr16pt3  10.17  18.18  65.87  0.05  0.04  0.12  94.43 
Average:  10.83  19.34  65.30  0.03  0.03  0.08  95.62 
3BQ10gr17pt1  11.03  20.22  66.65  0.02  0.01  0.03  97.95 
3BQ10gr17pt2  11.32  19.97  65.64  0.04  0.03  0.13  97.13 
3BQ10gr17pt3  11.17  20.00  67.46  0.12  0.03  0.08  98.85 
Average:  11.17  20.06  66.58  0.06  0.02  0.08  97.98 
3BQ10gr18pt1  11.26  19.99  65.68  0.03  0.11  0.15  97.22 
3BQ10gr18pt2  11.32  20.35  67.81  0.03  0.00  0.06  99.58 
3BQ10gr18pt3  11.41  19.76  66.74  0.04  0.01  0.00  97.96 
Average:  11.33  20.04  66.74  0.03  0.04  0.07  98.25 
3BQ10gr19pt1  11.04  19.61  67.22  0.06  0.09  0.00  98.03 
3BQ10gr19pt2  11.51  19.88  66.49  0.05  0.04  0.01  97.99 
3BQ10gr19pt3  11.24  19.73  66.58  0.05  0.00  0.06  97.67 
Average:  11.26  19.74  66.77  0.05  0.04  0.03  97.89 
3BQ10gr20pt1  11.05  19.48  66.71  0.05  0.02  0.03  97.34 
3BQ10gr20pt2  11.57  19.95  67.04  0.03  0.00  0.16  98.75 
3BQ10gr20pt3  11.18  20.09  66.92  0.07  0.02  0.00  98.27 
Average:  11.27  19.84  66.89  0.05  0.01  0.06  98.12 
3BQ10gr21pt1  10.94  19.94  66.78  0.02  0.02  0.03  97.73 
3BQ10gr21pt2  11.34  19.88  66.27  0.05  0.00  0.03  97.57 
3BQ10gr21pt3  11.31  19.44  66.94  0.04  0.00  0.00  97.74 
Average:  11.20  19.75  66.67  0.04  0.01  0.02  97.68 
3BQ10gr22pt1  11.65  19.65  65.79  0.05  0.13  0.02  97.29 
3BQ10gr22pt2  11.25  19.68  66.22  0.10  0.13  0.04  97.41 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ10gr22pt3  11.35  20.09  65.79  0.08  0.14  0.00  97.45 
Average:  11.41  19.81  65.93  0.08  0.13  0.02  97.38 
3BQ10gr23pt1  11.20  19.65  67.09  0.04  0.04  0.11  98.14 
3BQ10gr23pt2  11.16  19.88  65.66  0.00  0.01  0.05  96.76 
3BQ10gr23pt3  11.09  19.62  66.70  0.05  0.00  0.10  97.56 
Average:  11.15  19.72  66.48  0.03  0.02  0.09  97.49 
3BQ10gr24pt1  11.27  20.40  64.62  0.01  0.00  0.03  96.33 
3BQ10gr24pt2  11.08  19.40  64.77  0.10  0.02  0.10  95.47 
3BQ10gr24pt3  11.13  19.59  64.99  0.04  0.05  0.00  95.79 
Average:  11.16  19.79  64.79  0.05  0.02  0.04  95.87 
3BQ10gr25pt1  11.06  19.85  65.44  0.11  0.03  0.11  96.60 
3BQ10gr25pt2  11.04  20.09  66.35  0.05  0.01  0.03  97.56 
3BQ10gr25pt3  11.11  19.87  66.58  0.04  0.02  0.13  97.75 
Average:  11.07  19.94  66.12  0.07  0.02  0.09  97.31 
3BQ10gr26pt1  11.16  19.76  65.54  0.06  0.00  0.04  96.56 
3BQ10gr26pt2  11.47  19.48  67.04  0.04  0.00  0.00  98.03 
3BQ10gr26pt3  10.85  19.41  66.45  0.03  0.02  0.00  96.76 
Average:  11.16  19.55  66.34  0.04  0.01  0.01  97.12 
3BQ10gr27pt1  11.26  19.89  67.10  0.02  0.00  0.04  98.31 
3BQ10gr27pt2  10.97  19.86  66.43  0.06  0.03  0.04  97.39 
3BQ10gr27pt3  11.12  19.85  67.51  0.03  0.04  0.04  98.59 
Average:  11.12  19.87  67.01  0.04  0.02  0.04  98.09 
3BQ10gr28pt1  11.23  19.78  64.45  0.04  0.00  0.04  95.54 
3BQ10gr28pt2  11.19  19.44  65.23  0.08  0.03  0.02  95.99 
3BQ10gr28pt3  11.47  19.89  66.25  0.11  0.04  0.00  97.75 
Average:  11.30  19.70  65.31  0.08  0.02  0.02  96.43 
3BQ10gr29pt1  11.33  19.61  66.79  0.05  0.09  0.09  97.96 
3BQ10gr29pt2  10.65  19.39  64.97  0.03  0.03  0.00  95.07 
3BQ10gr29pt3  10.96  19.74  65.35  0.04  0.00  0.14  96.23 
Average:  10.98  19.58  65.70  0.04  0.04  0.08  96.42 
3BQ10gr30pt1  10.78  19.49  64.70  0.10  0.04  0.10  95.21 
3BQ10gr30pt2  11.30  19.73  65.28  0.09  0.04  0.20  96.64 
3BQ10gr30pt3  10.88  19.94  65.99  0.03  0.04  0.10  96.99 
Average:  10.99  19.72  65.33  0.07  0.04  0.13  96.28 
3BQ10gr31pt1  11.44  19.88  64.70  0.05  0.01  0.00  96.08 
3BQ10gr31pt2  11.19  19.70  64.19  0.05  0.06  0.01  95.20 
3BQ10gr31pt3  10.96  19.86  65.02  0.07  0.00  0.01  95.94 
Average:  11.20  19.81  64.64  0.06  0.02  0.01  95.74 
3BQ10gr32pt1  10.84  19.73  63.88  0.04  0.02  0.00  94.52 
3BQ10gr32pt2  10.68  20.17  63.39  0.08  0.76  0.10  95.19 
3BQ10gr32pt3  11.19  19.79  63.63  0.06  0.05  0.00  94.72 
Average:  10.90  19.89  63.63  0.06  0.28  0.03  94.81 








Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ10gr33pt1  11.26  20.33  65.25  0.04  0.04  0.17  97.08 
3BQ10gr33pt2  11.22  19.77  63.80  0.07  0.01  0.06  94.93 
3BQ10gr33pt3  11.30  19.88  64.83  0.07  0.02  0.03  96.13 
Average:  11.26  19.99  64.63  0.06  0.02  0.09  96.05 
3BQ10gr34pt1  11.21  19.79  65.09  0.02  0.01  0.05  96.16 
3BQ10gr34pt2  11.33  19.72  65.47  0.02  0.01  0.16  96.71 
3BQ10gr34pt3  11.24  20.12  65.13  0.01  0.03  0.02  96.55 
Average:  11.26  19.88  65.23  0.01  0.02  0.08  96.48 
3BQ10gr35pt1  10.94  19.66  63.84  0.08  0.02  0.10  94.63 
3BQ10gr35pt2  11.10  19.86  64.50  0.03  0.03  0.00  95.52 
3BQ10gr35pt3  10.82  19.34  64.86  0.06  0.05  0.07  95.19 
Average:  10.95  19.62  64.40  0.06  0.03  0.06  95.11 
3BQ10gr36pt1  11.49  19.61  64.29  0.00  0.04  0.00  95.43 
3BQ10gr36pt2  11.03  19.62  64.65  0.05  0.04  0.00  95.38 
3BQ10gr36pt3  11.37  19.72  66.62  0.03  0.00  0.00  97.75 
Average:  11.30  19.65  65.18  0.03  0.03  0.00  96.18 
3BQ10gr37pt1  11.24  19.36  66.82  0.03  0.00  0.00  97.45 
3BQ10gr37pt2  11.00  19.78  64.41  0.04  0.03  0.00  95.26 
3BQ10gr37pt3  11.12  19.62  64.20  0.07  0.06  0.00  95.07 
Average:  11.12  19.59  65.14  0.05  0.03  0.00  95.93 
3BQ10gr38pt1  11.34  19.61  64.85  0.03  0.06  0.00  95.89 
3BQ10gr38pt2  11.22  19.55  64.59  0.04  0.03  0.04  95.48 
3BQ10gr38pt3  11.21  19.60  64.59  0.03  0.01  0.00  95.44 
Average:  11.26  19.59  64.68  0.03  0.03  0.01  95.60 
3BQ10gr39pt1  10.78  19.51  64.54  0.06  0.00  0.00  94.88 
3BQ10gr39pt2  11.11  19.64  65.26  0.05  0.06  0.00  96.13 
3BQ10gr39pt3  11.11  19.80  64.46  0.02  0.05  0.03  95.46 
Average:  11.00  19.65  64.75  0.04  0.04  0.01  95.49 
3BQ10gr40pt1  9.06  22.00  60.68  0.28  3.03  0.16  95.22 
3BQ10gr40pt2  9.22  21.93  60.51  0.18  3.03  0.02  94.88 
3BQ10gr40pt3  9.17  21.78  59.77  0.22  2.88  0.00  93.82 
Average:  9.15  21.90  60.32  0.22  2.98  0.06  94.64 
3BQ10gr41pt1  11.05  19.48  63.53  0.08  0.02  0.15  94.29 
3BQ10gr41pt2  10.99  19.85  63.87  0.05  0.03  0.01  94.80 
3BQ10gr41pt3  11.04  19.68  63.23  0.05  0.03  0.10  94.13 
Average:  11.03  19.67  63.54  0.06  0.02  0.09  94.41 
3BQ10gr42pt1  11.21  20.05  63.49  0.03  0.00  0.08  94.85 
3BQ10gr42pt2  11.79  19.57  64.46  0.02  0.00  0.13  95.96 
3BQ10gr42pt3  11.38  19.92  63.22  0.01  0.42  0.18  95.13 
Average:  11.46  19.85  63.72  0.02  0.14  0.13  95.31 
3BQ10gr43pt1  11.54  19.71  63.35  0.06  0.01  0.08  94.75 
3BQ10gr43pt2  10.89  19.91  62.98  0.03  0.00  0.14  93.95 
Average:  11.21  19.81  63.16  0.05  0.01  0.11  94.35 
3BQ10gr44pt1  11.51  19.88  63.80  0.01  0.06  0.00  95.26 
3BQ10gr44pt2  11.29  19.83  64.76  0.02  0.00  0.00  95.90 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ10gr44pt3  11.34  19.51  63.40  0.04  0.00  0.00  94.29 
Average:  11.38  19.74  63.99  0.02  0.02  0.00  95.15 
3BQ10gr45pt1  10.84  20.32  64.17  0.33  0.07  0.00  95.73 
3BQ10gr45pt2  11.02  20.03  63.39  0.11  0.07  0.00  94.63 
3BQ10gr45pt3  11.47  19.54  63.75  0.06  0.02  0.03  94.87 
Average:  11.11  19.96  63.77  0.16  0.05  0.01  95.08 
3BQ10gr46pt1  11.34  19.58  62.86  0.04  0.00  0.00  93.82 
3BQ10gr46pt2  11.31  19.54  63.74  0.06  0.04  0.07  94.76 
3BQ10gr46pt3  11.01  19.87  63.14  0.05  0.06  0.01  94.13 
Average:  11.22  19.66  63.25  0.05  0.03  0.03  94.24 
3BQ10gr47pt1  11.54  20.11  63.55  0.06  0.02  0.15  95.42 
3BQ10gr47pt2  11.03  20.29  63.37  0.04  0.00  0.20  94.93 
3BQ10gr47pt3  11.39  19.95  64.08  0.05  0.00  0.00  95.47 
Average:  11.32  20.11  63.67  0.05  0.01  0.12  95.27 
3BQ10gr48pt1  11.19  20.01  63.55  0.06  0.06  0.00  94.86 
3BQ10gr48pt2  11.36  19.91  63.59  0.04  0.06  0.05  95.01 
3BQ10gr48pt3  11.31  19.93  64.63  0.02  0.00  0.07  95.96 
Average:  11.29  19.95  63.92  0.04  0.04  0.04  95.28 
3BQ10gr490pt1  10.90  20.25  65.68  0.05  0.05  0.15  97.08 
3BQ10gr490pt2  11.01  19.21  63.00  0.08  0.03  0.20  93.53 
3BQ10gr490pt3  10.82  19.55  64.72  0.04  0.02  0.00  95.14 
Average:  10.91  19.67  64.47  0.05  0.03  0.12  95.25 
3BQ10gr50pt1  11.05  19.99  63.25  0.03  0.05  0.01  94.38 
3BQ10gr50pt2  11.43  20.05  65.83  0.06  0.01  0.03  97.41 
3BQ10gr50pt3  10.96  20.22  63.55  0.04  0.01  0.07  94.85 
Average:  11.15  20.09  64.21  0.04  0.03  0.03  95.55 
KS12‐1 (Chilhowee sandstone)  
Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ11gr1pt1  0.36  18.99  59.62  16.00  0.00  0.08  95.05 
3BQ11gr1pt2  0.65  18.21  57.99  15.66  0.00  0.07  92.58 
3BQ11gr1pt3  0.44  18.78  60.26  16.15  0.00  0.03  95.65 
Average:  0.48  18.66  59.29  15.94  0.00  0.06  94.43 
3BQ11gr2pt1  0.75  18.72  60.11  15.70  0.03  0.07  95.38 
3BQ11gr2pt2  0.57  18.84  61.09  15.64  0.00  0.06  96.19 
3BQ11gr2pt3  0.59  18.58  60.24  15.61  0.00  0.06  95.09 
Average:  0.64  18.71  60.48  15.65  0.01  0.06  95.56 
3BQ11gr3pt1  0.38  18.67  61.27  16.06  0.00  0.01  96.39 
3BQ11gr3pt2  0.36  18.82  60.42  16.52  0.00  0.08  96.19 
3BQ11gr3pt3  0.41  18.54  59.21  15.96  0.00  0.07  94.18 
Average:  0.38  18.67  60.30  16.18  0.00  0.05  95.59 
3BQ11gr4pt1  0.34  18.33  57.99  16.39  0.00  0.07  93.12 
3BQ11gr4pt2  0.16  19.04  61.21  16.42  0.00  0.01  96.83 
3BQ11gr4pt3  0.44  18.59  58.80  16.09  0.01  0.05  93.98 
Average:  0.31  18.65  59.34  16.30  0.00  0.04  94.65 
3BQ11gr5pt1  0.26  18.36  59.99  16.20  0.07  0.05  94.92 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ11gr5pt3  0.51  18.51  59.41  16.10  0.03  0.10  94.67 
Average:  0.33  18.63  59.21  16.31  0.03  0.06  94.57 
3BQ11gr6pt1  0.56  18.68  59.41  15.69  0.04  0.12  94.51 
3BQ11gr6pt2  0.54  18.65  60.20  16.01  0.00  0.00  95.40 
3BQ11gr6pt3  0.54  18.67  59.69  15.85  0.01  0.15  94.90 
Average:  0.55  18.67  59.77  15.85  0.02  0.09  94.94 
3BQ11gr7pt1  0.42  18.94  60.39  16.43  0.00  0.03  96.21 
3BQ11gr7pt2  0.43  18.55  59.63  15.89  0.00  0.00  94.50 
3BQ11gr7pt3  0.46  18.52  61.02  15.98  0.00  0.09  96.07 
Average:  0.43  18.67  60.35  16.10  0.00  0.04  95.59 
3BQ11gr8pt1  0.47  18.56  57.05  15.75  0.00  0.20  92.03 
3BQ11gr8pt2  0.54  18.35  57.71  15.16  0.04  0.00  91.80 
3BQ11gr8pt3  0.43  18.29  59.53  15.74  0.02  0.00  94.01 
Average:  0.48  18.40  58.10  15.55  0.02  0.07  92.62 
3BQ11gr9pt1  0.25  18.61  61.38  16.13  0.00  0.00  96.38 
3BQ11gr9pt2  0.55  18.56  59.92  15.80  0.02  0.00  94.85 
3BQ11gr9pt3  0.34  18.78  59.86  16.22  0.02  0.19  95.41 
Average:  0.38  18.65  60.39  16.05  0.01  0.06  95.55 
3BQ11gr10pt1  0.39  18.69  58.25  16.14  0.00  0.05  93.53 
3BQ11gr10pt2  0.38  18.92  59.60  16.25  0.00  0.00  95.14 
3BQ11gr10pt3  0.35  18.28  59.35  16.37  0.00  0.13  94.48 
Average:  0.37  18.63  59.07  16.26  0.00  0.06  94.38 
3BQ11gr11pt1  0.73  18.89  59.21  15.62  0.00  0.00  94.46 
3BQ11gr11pt2  0.58  18.55  59.79  16.22  0.01  0.00  95.14 
3BQ11gr11pt3  0.55  18.68  60.70  15.83  0.00  0.00  95.76 
Average:  0.62  18.71  59.90  15.89  0.00  0.00  95.12 
3BQ11gr12pt1  0.39  18.31  58.63  16.03  0.00  0.07  93.43 
3BQ11gr12pt2  0.31  18.03  60.81  16.34  0.03  0.02  95.55 
3BQ11gr12pt3  0.31  18.87  60.46  16.44  0.00  0.00  96.08 
Average:  0.34  18.40  59.97  16.27  0.01  0.03  95.02 
3BQ11gr13pt1  0.24  18.91  59.74  16.40  0.00  0.01  95.31 
3BQ11gr13pt2  0.31  18.57  59.84  16.33  0.00  0.00  95.04 
3BQ11gr13pt3  0.29  18.33  60.04  16.11  0.01  0.08  94.87 
Average:  0.28  18.60  59.88  16.28  0.00  0.03  95.07 
3BQ11gr14pt1  0.75  18.54  60.25  15.62  0.00  0.03  95.19 
3BQ11gr14pt2  0.55  18.55  61.08  15.74  0.00  0.00  95.92 
3BQ11gr14pt3  0.37  18.17  58.17  16.02  0.00  0.03  92.76 
Average:  0.56  18.42  59.84  15.79  0.00  0.02  94.62 
3BQ11gr15pt1  0.36  18.42  60.60  16.40  0.00  0.07  95.84 
3BQ11gr15pt2  0.45  18.20  58.56  16.13  0.00  0.12  93.46 
3BQ11gr15pt3  0.30  18.50  59.72  16.11  0.00  0.10  94.73 
Average:  0.37  18.37  59.63  16.21  0.00  0.10  94.68 
3BQ11gr16pt1  0.39  18.51  60.53  16.26  0.00  0.06  95.75 
3BQ11gr16pt2  0.50  18.66  60.15  16.23  0.00  0.00  95.55 
3BQ11gr16pt3  0.30  18.39  59.02  16.31  0.00  0.00  94.02 





Label  Ox%(Na)   Ox%(Al)  Ox%(Si)  Ox%(K )   Ox%(Ca)   Ox%(Fe)   Total 
3BQ11gr17pt1  0.43  18.89  60.47  16.16  0.00  0.02  95.97 
3BQ11gr17pt2  0.35  18.61  59.18  15.65  0.00  0.09  93.88 
3BQ11gr17pt3  0.59  18.62  59.83  15.74  0.00  0.02  94.80 
Average:  0.46  18.70  59.83  15.85  0.00  0.04  94.88 
3BQ11gr18pt1  0.67  18.38  60.11  15.76  0.02  0.35  95.30 
3BQ11gr18pt2  0.66  18.81  61.71  15.71  0.02  0.13  97.04 
3BQ11gr18pt3  0.60  18.42  58.34  15.80  0.00  0.11  93.28 
Average:  0.65  18.54  60.05  15.76  0.01  0.19  95.20 
3BQ11gr19pt1  0.64  18.86  61.06  15.90  0.00  0.02  96.48 
3BQ11gr19pt2  0.65  18.76  59.45  15.90  0.00  0.02  94.79 
3BQ11gr19pt3  0.66  18.98  60.11  15.81  0.01  0.03  95.60 
Average:  0.65  18.87  60.21  15.87  0.00  0.03  95.62 
3BQ11gr20pt1  0.51  19.01  58.39  15.99  0.00  0.00  93.90 
3BQ11gr20pt2  0.29  18.18  59.54  16.28  0.00  0.12  94.41 
3BQ11gr20pt3  0.56  18.66  58.84  15.75  0.03  0.00  93.85 
Average:  0.46  18.62  58.92  16.01  0.01  0.04  94.05 
3BQ11gr21pt1  0.50  18.64  62.80  16.18  0.00  0.51  98.63 
3BQ11gr21pt2  0.62  18.35  57.93  15.94  0.03  0.00  92.87 
3BQ11gr21pt3  0.63  18.74  60.11  16.05  0.00  0.04  95.57 
Average:  0.59  18.58  60.28  16.06  0.01  0.18  95.69 
3BQ11gr22pt1  0.39  18.59  58.22  16.22  0.00  0.14  93.55 
3BQ11gr22pt2  0.48  18.56  59.79  15.95  0.00  0.04  94.81 
3BQ11gr22pt3  0.27  18.55  58.73  16.45  0.05  0.00  94.04 
Average:  0.38  18.57  58.91  16.20  0.02  0.06  94.13 
3BQ11gr23pt1  0.53  19.00  60.31  16.05  0.00  0.07  95.95 
3BQ11gr23pt2  0.52  18.95  59.44  15.70  0.02  0.15  94.77 
3BQ11gr23pt3  0.59  18.87  60.24  15.46  0.01  0.07  95.25 
Average:  0.55  18.94  60.00  15.73  0.01  0.10  95.32 
3BQ11gr24pt1  0.64  18.45  58.59  15.88  0.02  0.01  93.61 
3BQ11gr24pt2  0.56  18.53  59.98  15.78  0.02  0.06  94.93 
3BQ11gr24pt3  0.45  18.14  59.09  16.13  0.01  0.01  93.83 
Average:  0.55  18.38  59.22  15.93  0.02  0.03  94.12 
3BQ11gr25pt1  0.69  18.85  59.07  15.56  0.10  0.10  94.37 
3BQ11gr25pt2  0.62  18.23  60.50  15.67  0.00  0.10  95.12 
3BQ11gr25pt3  0.45  18.55  60.74  16.08  0.00  0.09  95.90 
Average:  0.59  18.54  60.10  15.77  0.03  0.10  95.13 
3BQ11gr26pt1  0.37  18.72  58.44  16.02  0.00  0.07  93.62 
3BQ11gr26pt2  0.28  18.14  59.77  16.12  0.00  0.06  94.37 
3BQ11gr26pt3  0.26  18.20  57.43  16.28  0.00  0.00  92.17 
Average:  0.30  18.36  58.54  16.14  0.00  0.04  93.39 
3BQ11gr27pt1  0.71  18.92  59.36  15.51  0.02  0.20  94.71 
3BQ11gr27pt2  0.70  18.72  59.37  16.05  0.00  0.01  94.84 
3BQ11gr27pt3  0.67  18.85  59.28  15.75  0.00  0.20  94.76 
Average:  0.69  18.83  59.33  15.77  0.01  0.14  94.77 
3BQ11gr28pt1  0.51  18.72  58.30  16.16  0.00  0.01  93.71 










Label  Label  Label  Label  Label  Label  Label  Label 
3BQ11gr28pt3  0.49  18.86  60.00  16.10  0.02  0.00  95.46 
Average:  0.51  18.65  59.27  16.08  0.01  0.00  94.53 
3BQ11gr29pt1  0.22  18.32  58.44  16.35  0.00  0.09  93.43 
3BQ11gr29pt2  0.65  18.50  57.35  15.53  0.00  0.23  92.26 
3BQ11gr29pt3  0.67  18.39  60.34  15.71  0.00  0.11  95.22 
Average:  0.51  18.40  58.71  15.87  0.00  0.14  93.64 
3BQ11gr30pt1  0.27  18.54  57.15  16.32  0.00  0.03  92.30 
3BQ11gr30pt2  0.32  18.62  60.32  16.44  0.00  0.00  95.71 
3BQ11gr30pt3  0.41  18.83  58.20  15.97  0.00  0.00  93.40 
Average:  0.33  18.66  58.56  16.24  0.00  0.01  93.80 
3BQ11gr31pt1  0.67  18.83  59.14  16.11  0.00  0.00  94.74 
3BQ11gr31pt2  0.55  18.95  59.77  15.72  0.01  0.17  95.18 
3BQ11gr31pt3  0.50  18.54  60.01  15.63  0.00  0.13  94.80 
Average:  0.57  18.77  59.64  15.82  0.00  0.10  94.91 
3BQ11gr32pt1  1.09  18.77  59.89  15.37  0.02  0.03  95.16 
3BQ11gr32pt2  0.69  18.42  60.25  15.75  0.02  0.00  95.13 
3BQ11gr32pt3  0.45  19.04  59.97  16.07  0.00  0.10  95.63 
Average:  0.74  18.74  60.04  15.73  0.01  0.04  95.31 
3BQ11gr33pt1  0.47  18.98  60.51  15.94  0.00  0.00  95.90 
3BQ11gr33pt2  0.46  18.44  58.41  16.25  0.01  0.06  93.62 
3BQ11gr33pt3  0.31  18.85  59.21  16.21  0.00  0.08  94.67 
Average:  0.41  18.76  59.38  16.14  0.00  0.04  94.73 
3BQ11gr34pt1  0.38  18.80  58.79  16.11  0.00  0.08  94.15 
3BQ11gr34pt2  0.42  18.53  59.16  15.57  0.00  0.08  93.76 
3BQ11gr34pt3  0.36  18.22  57.12  16.07  0.01  0.14  91.92 
Average:  0.39  18.52  58.36  15.92  0.00  0.10  93.28 
3BQ11gr35pt1  0.75  18.56  60.17  15.81  0.00  0.08  95.38 
3BQ11gr35pt2  0.75  18.61  60.32  15.92  0.00  0.04  95.64 
3BQ11gr35pt3  0.65  18.33  59.55  15.72  0.00  0.02  94.27 
Average:  0.72  18.50  60.01  15.82  0.00  0.05  95.10 
3BQ11gr36pt1  0.28  18.41  59.84  16.53  0.02  0.00  95.09 
3BQ11gr36pt2  0.52  19.00  60.94  15.71  0.00  0.00  96.17 
3BQ11gr36pt3  0.14  15.54  64.05  14.16  0.02  0.00  93.90 
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